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Ornamental gingers are popular cut flowers and have been promoted as a promising 
potted flower crop because of unique foliage, long-lasting colorful bracts, and few pest 
problems. Rhizomes are the primary means of propagation in late spring followed by shoot 
growth and flowering, and plants enter dormancy under short days in the fall. Termination of 
dormancy is important for greenhouse forcing and extending the growing season. Rhizomes 
of five ginger species (Curcuma alismatifolia Gagnep., C. cordata L.,  C. roscoeana Wallich, 
Globba winittii C.H. Wright, and Kaempferia galanga L.) were either: 1) stored for 0 to 16 
weeks at 15, 20 or 25 ?C; or, 2) stored for 0 to 2 weeks at 10 or 15 ºC followed by 0 to 2 
weeks at 25, 30, or 35 ºC; or, 3) treated with 0 to 300 ppm ethephon or BA and then stored for 
0 to 3 weeks to determine the effect on growth, development, respiration rates, and 
carbohydrate content. Upon completion of treatment application, rhizomes were planted in a 
peat moss:bark:perlite mix and placed in a greenhouse with 25 ºC day/21 ºC night 
temperatures with 40% shade. DTE and DTF for Globba were hastened when rhizomes were 
stored for 16 weeks at 25 ºC or 3 weeks at 15 ºC followed by 3 weeks at 30 ºC. For C. 
alismatifolia, DTE and DTF were hastened when rhizomes were stored for 3 weeks at 10 ºC 
followed by 3 weeks at 30 ºC. For C. cordata, DTE and DTF were hastened with rhizome 
storage of 2 weeks at 10 ºC followed by 3 weeks at 35 ºC.  For C. roscoeana a 3 or 4 month 
storage treatment was found to hasten emergence. Results indicated that Kaempferia should 
be stored at 25ºC for 16 weeks to enhance emergence and flowering. Neither application of 
ethephon nor BA significantly affected growth or flowering of any in the ginger species after 
storage. The response of respiration and carbohydrate concentration was not consistent with 
rhizome and plant growth responses. 
 1 




 Ornamental ginger is a diverse and versatile group of plants that are gaining 
increased recognition in the flowering pot plant, landscape and cut flower markets. 
Ginger is the common name given to members of the Zingiberaceae family, a group of 
tropical, rhizomatous, herbaceous perennials which have long been used as spices, dyes, 
perfumes, condiments, and vegetables (Hagiladi et al., 1997).  Many of the species have 
showy and attractive foliage and flowers, which makes them interesting ornamentals. The 
various sizes, flower colors and postproduction longevity (up to 4 weeks or longer) are 
adding needed diversity to the greenhouse industry (Kuehny, 2001). 
 There are 90 genera of ginger in the Zingiberaceae family. This family contains at 
least 1,400 species and perhaps as many as 2,000 species (Chapman, 1995). The genera 
of flowering gingers include Alpinia, Curcuma, Etlingera, Globba, Hedychium, 
Kaempferia, and Zingiber. One of the most popular is Curcuma alismatifolia Gagnep., 
which originates from northern Thailand and Cambodia (Hagiladi et al., 1997). 
 Curcumas comprise at least 65 species with different colors, forms, and sizes 
(Lekawatana and Pituck, 1998). The inflorescence is a compressed spike with colorful 
bracts that can develop from the shoot, or directly develop from the rhizome 
(Wannagrairot, 1997). The true stem is an underground storage organ with lateral 
branching called rhizome. Each rhizome has many lateral buds which develop to form the 
pseudostem above ground. The number of buds varies with the size of the rhizome 
(Phongpreecha, 1997). 
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 The curcumas have a succulent adventitious root system. Some of the species, like 
C. alismatifolia, develop swollen roots to store water and reserve food for plant growth 
(Phongpreecha, 1997). Thus, the underground part of the plant bears two types of storage 
organs. The first is a rhizome with buds that will produce next season’s leaves and 
inflorescence; and the second is a swollen, egg-shaped root end designated as a t-root 
(Hagiladi et al., 1997). The number of t-roots present are thought to have an impact on 
plant size and flowering time.  
 Globba, also known as “Dancing Ladies”, have a pseudostem which is 20 to 30 
centimeters tall, terminated with a pendent inflorescence with lavender, pink, white, or 
yellow bracts accented by yellow flowers (Lekawatana and Pituck, 1998). The gracefully 
pendant inflorescence emerge in spring or early summer (Howard, 2001). The production 
cycle of this ginger is 90 to 120 days (Kuack, 1998) 
 The 50 species of the genus Kaempferia are nearly stemless herbs with thick, 
aromatic rhizomes (Steffey, 1986). They are grown primarily for their beautiful foliage 
(Kuehny, 2001). The plant has rounded leaves that grow close to the ground, producing a 
dense mound (Burch, 2000).  A flowering spike rises from the base of the plant; a solitary 
flower is borne in the axil of each bract (Steffey, 1986). The low-growing plants produce 
a single flower each day for several weeks during the summer (Burch et al., 1987). 
 Ornamental gingers are most commonly propagated from their geophytic units, 
the rhizome (Hagiladi et al., 1997). The rhizome is a major source of water and 
carbohydrates. Lateral buds will develop and grow out as a pseudostem above ground 
(Wannagrairot, 1997). In general, the total growing period is 7 to 8 months, and 
flowering takes place for 2 to 3 months. Flowering initiates new rhizome formation. 
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When flowering ceases, the aerial structures dry and the rhizomes become dormant 
(Phongpreecha, 1997).  
 A majority of these gingers are grown in Thailand. In their native habitat, the 
growth of most gingers occurs during the rainy season, and dormancy occurs during the 
dry season. If rhizomes are kept dry, they will remain dormant (Phongpreecha, 1997). In 
contrast to their native habitat, in temperate climates rhizomes enter dormancy in winter 
in response to short days and/or low temperatures (Hagiladi et al., 1997; Lekawatana and 
Pituck, 1998; Phongpreecha, 1997). Rhizomes in commercial production are harvested at 
this time for storage and distribution. Prior to replanting, the dormancy requirements 
must be satisfied. Emergence of propagules is favored by moisture and high temperature 
(30 ºC) (Hagiladi et al., 1997). 
 Because gingers go dormant in the winter, they are suitable for growing as 
summer flowering potted plants anywhere in the United States. Often, rhizomes are 
harvested from December to April in Thailand and shipped to the United States for 
forcing (Kuehny, 2001). Gingers can be held dormant in dry peat moss at room 
temperature (Kuack, 1998) until space becomes available for forcing, fitting into the 
pattern of activity of many grower operations (Burch, 2000). Gingers are good candidates 
for summer greenhouse or nursery production fitting the lull between summer and fall 
production. Other characteristics that make them attractive to the floricultural industry are 
ease of production, unique foliage, numerous flowering stems per pot, long-lasting 
colorful bracts, a 90 to 100 day production cycle, and few disease or insect problems 
(Kuehny, 2001).  
 4 
 Manipulation of plant material to satisfy dormancy requires investigation on the 
individual plant requirements. It appears that controlling growth, development and 
flowering in geophytic plants is dependent on reserve accumulation, mobilization, and 
redistribution (Phongpreecha, 1997). Therefore, the knowledge of factors affecting these 
mechanisms would be useful with development of cultural techniques that control shoot 
emergence and flowering. 
 For bulbous plants, research on bulb periodicity for many species has been 
developed. Temperature is the major factor that affects bulb growth and is commonly 
used to hasten or delay development (De Hertogh and Le Nard, 1993). For a species to be 
used as a potted plant, it must be possible for growers to provide flowering plants within 
a specific time interval. 
 The objectives of this research are (1) to determine the effect of storage time and 
temperature on growth, development, flowering, respiration rate, and carbohydrate 
content of ornamental gingers, (2) to evaluate C. alismatifolia rhizome t-root number on 
growth, development, and flowering and (3) to study the impact of plant growth 
regulators on satisfying dormancy requirements. 
1.2 LITERATURE REVIEW 
1.2.1 Ornamental Gingers 
The plant group known as ornamental gingers belongs to the Zingiberaceae 
family, a family of rhizomatous, herbaceous perennials of tropical origin. The rhizome is 
formed from lateral buds at the base of the pseudostem when it is mature. Because its 
growth is more horizontal than vertical, it is called a tuberous rhizome. Foliage appears 
after the rhizome has broken dormancy. Each erect shoot composes a stem and leaves. 
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The stem is made up of an axis covered by overlapping sheathing leaf bases. Leaves are 
oppositely arranged in a flat, two dimensional plane (Phongpreecha, 1997). The 
flowering season in their native habitat is from June to September (Lekawatana and 
Pituck, 1998). 
Sarmiento et al. (2000) found that gingers must be planted in a media with high 
water holding capacity and high porosity (higher than 50%). Media composed of ½ peat 
moss, 1/3 pine bark and 1/6 perlite (39% water holding capacity and 58% total pore 
space) produced optimum ginger performance. Because some gingers are boron 
accumulators, the media used to grow them should not be amended with a micronutrient 
premix (i.e. Micromax) to avoid boron toxicity. A water soluble fertilizer low in boron, 
such as Peter’s Tropical Foliage (24 N-8 P2O5-16 K2O), should be used at 150-200 ppm. 
Production greenhouses should be maintained between 20-30 ºC (Phongpreecha, 1997). 
Gingers are propagated from propagules which consist of a rhizome with 2 to 3 
stolon-like storage organs termed t-roots. The t-roots are thought to act as storage organs 
and play an important role in growth and development (Hagiladi et al., 1997). The 
number of storage roots is also thought to affect flowering time, inflorescence stem 
length and number of stems per rhizome (Phongpreecha, 1997). If rhizomes are stored for 
a long period of time, the storage roots will gradually dry out and the rhizome will be the 
last organ to dry. Thus, the more storage roots on a rhizome the longer it can be stored 
(Phongpreecha, 1997). 
1.2.1.1 Size of Underground Structure 
 An important factor for geophytes in determining whether or not flowering will 
occur is the size of the storage organ (Rees, 1992). For C. alismatifolia, rhizomes with 
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greater number of storage roots were found to sprout faster than those with fewer number 
of storage roots (Phongpreecha, 1997). Hagiladi et al. (1997) found that the presence of t-
roots markedly accelerated flowering in C. alismatifolia. However, they found no 
significant difference in flowering time between plants with different number (greater 
than 2) of t-roots. They also found that plants originating from rhizomes without t-roots 
do flower, but very late. Emergence, flower initiation, and flowering time of rhizomes 
with more storage roots were earlier than those with fewer t-roots (Phongpreecha, 1997). 
The greater the number of t-roots translates to higher yield of inflorescences (Hagiladi et 
al., 1997). 
1.2.2 Dormancy 
 Plant dormancy influences such processes as seed germination, flowering, and 
vegetative growth. There are numerous mechanisms of dormancy induction or release. 
Dormancy implies that growth, development, or activity slows or stops and indicates that 
growth can resume. Thus, dormancy is defined as the temporary suspension of visible 
growth of any plant structure containing a meristem (Lang et al., 1987). De Hertogh and 
Le Nard (1993) define dormancy as a complex and dynamic physiological, 
morphological, and biochemical state during which there are no apparent external 
morphological changes or growth. 
 The fact that the plant structures are never physiologically or biochemically at rest 
is critical and it has important practical implications. It is important to know the precise 
effects of the environmental factors on the physiological processes in order to apply 
techniques that can effectively control growth (De Hertogh and Le Nard, 1993). 
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 In their native habitat, most genera of the Zingiberaceae family grow well during 
the rainy season, and then go completely dormant during the dry season. Before the onset 
of dormancy, products of photosynthesis from leaves and pseudostems are transferred to 
accumulate in the rhizome and storage roots (Phongpreecha, 1997). In edible ginger 
(Zingiber officinale), dormancy appears related to rhizome type, with the younger pieces 
having a longer period of dormancy than the older ones (Sanewski et al., 1996). In 
Curcuma under temperate climates, rhizomes are dormant during winter when 
temperatures drop; hence, temperature may have an influence on dormancy induction 
(Hagiladi et al., 1997). For C. alismatifolia, under natural conditions, emergence starts in 
May and the dormant period starts in October (Ruamrungsri, 2001). 
1.2.2.1 Temperature Influence on Dormancy 
  Temperature is the major factor that affects bulb growth (De Hertogh and Le 
Nard, 1993). Plant processes are closely related to the environment, and are 
horticulturally important because manipulation of the environment (particularly 
temperature), both during the dormant period and during the growth phase, allows 
accurate control of flowering, and the production of the commercial end-product (Rees, 
1992). In many bulbs, the process of organogenesis inside the bulb during the rest period, 
growth, and flowering are temperature dependent (Kamenetsky et al., 2000). Temperature 
affects the rates of all plant processes. Within limits, increased temperatures speed 
growth and development, but there are also specific effects of temperatures on factors 
such as flower initiation, breaking dormancy, and plant morphology (Rees, 1992). 
 In C. alismatifolia, emergence of propagules was favored by moisture and high 
temperatures (30 ºC) (Hagiladi et al., 1997). Rhizomes which are pre-sprouted by being 
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held at 25-30 ºC in  moist conditions for four to six weeks prior to plating, take a shorter 
time to flower and give a more uniform flowering time (Phongpreecha, 1997). 
Wannakrairoj (1997) found that rhizomes of C. alismatifolia stored at 5 ºC did not sprout, 
and that emergence can be induced at temperatures greater than 15 ºC. Similarly, 
dormancy of Achimenes rhizomes was broken at high temperatures (20-30 ºC) after 
storage for 10-15 weeks. Emergence was delayed at lower temperatures (13 and 17 ºC) 
and higher temperatures promoted emergence and subsequently hastened flowering 
(Vlahos, 1985). 
Temperature during storage, shipping, and forcing had a profound effect on 
Caladium growth. Optimum temperature for forcing tubers was 26 ºC and growth was 
inhibited when tubers were exposed to 5 ºC for only one day (Marousky and Raulston, 
1973). For calla lily, dormancy can be broken if rhizomes are stored for 2 months at 20 
ºC (Corr and Widmer, 1988). Freesia corms have a requirement for high temperatures to 
break their dormancy as a 30 ºC heat treatment for 3 months. In the absence of such high 
temperature treatments, growth is slow and irregular and flowering is delayed (Rees, 
1992). In contrast, for Zingiber mioga, dormancy of the storage organs can be terminated 
prematurely by chilling. Chilling of rhizomes prior to planting may be used as an 
effective treatment to overcome dormancy and promote uniformity in pseudostem 
emergence (Gracie et al., 2000). Such responses of plants which have strong periodic 





1.2.2.2 Storage Duration Influence on Dormancy 
In geophytes, the greater the storage duration leads to a decrease in time to 
emergence and flowering (Harbaugh and Gilreath, 1986). For C. alismatifolia, rhizomes 
stored at room temperature for two months sprouted faster than those stored at other 
durations. Sanewski et al. (1996) demonstrated the positive effect of storage on shoot 
emergence in edible ginger. For Z. mioga, longer periods of chilling resulted in increased 
uniformity in shoot emergence and decreased time to shoot emergence (Gracie et al., 
2000). In Caladium, the length of storage influenced tuber growth, the longer the storage 
period, the more rapid the emergence of leaves (Marousky and Raulston, 1973). 
Armitage et al. (1996) found that days to foliage emergence and to flower decreased as 
the duration of rhizome storage increased for Oxalis adenophylla and Ipheion uniflorum. 
1.2.3 Plant Growth Regulators 
1.2.3.1 Benzyladenine (BA) 
Cytokinins are involved in branching, cell division, and juvenility. They are 
occasionally used to stimulate axillary shoot development (Dole and Wilkins, 1999). 
Cytokinins are known to induce bud break on many kinds of plants on both aerial and 
below-ground parts (Criley, 2001).  BA has been used with success in breaking dormancy 
in several bulbous and tuberous plants (Vlahos, 1985). In heliconia, BA treatments were 
only slightly more successful on stimulating bud break when compared to not using BA 






Ethephon, an ethylene producing compound, is a branching agent that promotes 
development of the axillary shoots without damaging the apical meristem or growing 
point (Dole and Wilkins, 1999). Ethephon is used in the ornamental industry to delay 
flowering, selectively abort flowers, abscise leaves, as well as to reduce stem elongation 
and increase stem strength (Basra, 2000). The commercial product Florel (ethephon) is 
labeled for use on ornamentals at 500-1000 ppm to increase axillary branching on 
Pelargonium, azalea, Lantana, Vinca and fuchsia. Ethephon is used to control height and 
increase stem strength in Narcissus and Hyacinthus (Basra, 2000).  
In edible ginger, 250 ppm ethylene for 15 minutes increased the number of shoots 
and number of roots, which suggested a dormancy-breaking response (Sanewski et al., 
1996). Furutani and Nagao (1986) and Furutani et al. (1985) demonstrated that ethephon 
stimulated shoot production of edible ginger whether it was applied to the foliage or to 
the rhizomes. They also showed that it reduced shoot height and increased shoot number. 
It did not induce flowering.  
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CHAPTER 2. NUMBER OF TUBEROUS ROOTS OF CURCUMA ALISMATIFOLIA 
AFFECT GROWTH AND DEVELOPMENT 
 
2.1 INTRODUCTION 
 Curcuma is comprised of many species with different flower colors, forms, and sizes. 
The main cultivar in international trade is Curcuma alismatifolia (Lekawatana and Pituck, 
1998). This cultivar produces a beautiful, tulip-like, pink inflorescence above the foliage, 
which makes it attractive in the landscape, as a cut flower, or as a potted plant.  This plant is a 
herbaceous perennial, whose erect shoot is a pseudostem comprised of an axis covered by 
overlapping, sheathing leaf blades. At the base of a pseudostem lies the true stem, an 
underground structure known as a tuberous rhizome, because of its horizontal, rather than 
vertical growth (Phongpreecha, 1997). 
 C. alismatifolia is usually propagated from geophytic units, which comprise of a 
rhizome and several storage roots, termed tuberous roots (t-roots). The rhizome has buds that 
will produce next season’s leaves and inflorescence (Hagiladi et al., 1997). The t-roots are 
swollen, egg-shaped root ends that are thought to act as storage organs for plant growth 
during dormancy and emergence (Hagiladi et al., 1997; Phongpreecha, 1997), thus playing an 
important role in growth and development.  
The number of t-roots that are attached to a rhizome affect time to flower, 
inflorescence stem length, and number of stems per rhizome; the more t-roots, the earlier 
shoot emergence and flowering take place (Phongpreecha, 1997). Hagiladi et al. (1997) found 
that in Israel, there was no significance in flowering time between plants with different 
number of t-roots (two or more).  The critical number of t-roots for early rhizome emergence 
and flowering has not been determined for pot plant production of C. alismatifolia under 
greenhouse conditions in the United States. Thus, the objectives of this study were to evaluate 
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C. alismatifolia rhizome t-root number on growth, development, flowering, and carbohydrate 
partition between rhizome and t-root structures. 
2.2 MATERIALS AND METHODS 
C. alismatifolia rhizomes were received from Thailand on 5 February 2002. Only 
those rhizomes with 6 t-roots or more were selected for this study. T-roots were removed in 
order to have rhizomes with 0, 1, 2, 3, 4, 5, or 6 t-roots attached. Ten rhizomes were assigned 
to each of the seven treatments. Rhizomes were planted 15 February 2002 immediately after t-
root removal, in 15.2 cm pots with a media containing 3 parts peat moss, 2 parts pine bark, 
and 1 part perlite (by volume) amended with 5.1-kg/m3 dolomite, and 2.7-kg/m3 of super 
phosphate. Rhizomes were planted at 3.8 cm below the surface. After planting, pots were 
placed in the greenhouse with temperatures set at 30 ºC day/25 ºC night. A preventive drench 
of Banrot 40% WP (Scotts-Sierra, Marysville, Oh) at 62.5 ml/100 L was applied immediately 
after planting. 
Once shoots had emerged, the pots were moved to a production greenhouse covered 
with a 40 % shade with temperatures set at 25 ºC day/21 ºC night and spaced at 23 cm x 23 
cm centers. Individual pots were placed on benches in a completely randomized design. Plants 
were fertilized every watering at 200 ppm N provided by Peter’s Tropical Foliage (24 N-8 
P2O5-16 K2O, Scotts Sierra, Marysville, Oh).  
Data collected included days to emergence from planting and days to flowering from 
planting. Shoot and underground organs were harvested 7 weeks after the day of first 
flowering. Data collected at harvest included number of inflorescences per pot, number of 
shoots per pot, height of plant, leaf area per pot, and final shoot dry weight that was obtained 
by harvesting all aerial parts above media level. 
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Carbohydrate analysis was conducted on six underground organs to determine 
carbohydrate distribution separating rhizome and t-root structures. Soluble sugars and starch 
were extracted and measured using the procedure described by Miller and Langhans (1989).  
The rhizomes and t-roots were individually frozen in liquid nitrogen, stored at -40 ºC, and 
lyophilized.  Individual rhizomes and t-roots were ground in a Wiley mill through a 20 mesh 
screen and one hundred milligrams (mg) of tissue was loaded into pasteur pipets fitted with 
glass wool plugs.  Soluble sugars were extracted three times with one milliliter (ml) 12 
methanol: 5 chloroform: 3 water (MCW), stirred with a glass rod that was rinsed with 0.5 ml 
MCW, and suspended for one hour after each extraction. Following each extraction, pipets 
were drained using compressed nitrogen and extracts collected in a 15-ml centrifuge tube. 
Mannitol (1.0 mg) was used as an internal standard and added at the beginning of the first 
MCW extraction. After extraction was complete, each pipet was rinsed with 1 ml MCW. 
Three ml HPLC-grade water was added to each tube, and samples were centrifuged 20 
minutes using a bench-top centrifuge. The aqueous phase of the extract was removed and 
filtered through polyethylene columns containing 1 ml Amberlite IRA-68, acetate form, and 1 
ml Dowex 50-W, hydrogen form (Sigma-Aldrich, St. Louis, Mo) resins. Columns were 
washed twice with 0.5 ml methanol: water (1:1). 
The aqueous phase was then vacuum dried using an EvapotechTM (Haake Buchler, Nj) 
with a refrigerated condensation trap RT100 (Savant Ins., Ny) to concentrate the sugars. 
Samples were resuspended using 2 ml HPLC-grade water and then passed through a 0.45-µm 
membrane filter using a 13 mm plastic filter holder (Pall, Gelman Laboratories, Ann Arbor, 
Mi). Samples were injected into a Waters HPLC (Milford, Ma) system using HPLC-grade 
water as the mobile phase at a rate of 1.0 ml min-1.  
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Soluble sugars were separated on a Shodex column maintained at 80 ºC using a 
column heater. Sugars were detected by refractive index and determination of specific sugars 
was based on the comparison of retention times to those of authentic D-sugars, sucrose, 
glucose and fructose (Sigma # S-9378, #G-5250, and # F-0127, respectively).  
After soluble carbohydrate extraction, starch was determined on the dried residue 
remaining in the pasteur pipets. Pipet tips were removed and tops with tissue residue were 
placed in 13 X 100-mm test tubes. Four ml of Na-acetate (Na-acetate trihydrate Fisher # 
S209-500) buffer (0.1 M, pH 4.2) were added to each test tube, agitated to disperse all 
clumps, and the sample placed into a boiling water bath for 20 minutes to gelatinize starch. 
After cooling, 1.0 ml amyloglucosidase (Sigma product # A-3042) solution (50 units/ml in 0.1 
M Na-acetate buffer) was added to each sample and incubated for 48 hours at 50 to 55 ºC with 
occasional agitation. After 48 hours, samples were agitated and the material was allowed to 
settle. The amount of glucose in each sample was determined by adding 5.0 ml of ice-cold 
enzyme solution (25 units glucose oxidase (Sigma product # G6125), 5 units peroxidase 
(Sigma product # P8125), and 0.2 mg o-dianisidine (Sigma product # 510-50) in 0.1 M pH 6.0 
Na-phosphate buffer (Fisher Dibasic Anhydrous # S374-500; Monobasic # S369-500)) to a 
10-µl aliquot of sample and incubated for 30 min at 30 ºC. After incubation, 1.0 ml of 2.2 N 
HCl was added to each sample to stop the reaction and stabilize the colored product. Glucose 
standards (0-1.0 µmol glucose) were used to determine actual concentrations of glucose. 
Absorbance was measured at 450 nm on a Perkin Elmer spectrophotometer (Perkin Elmer 
Instruments, Norwalk, Ct). The assay was linear up to 0.8 µmol glucose. Starch content was 
calculated by multiplying glucose content by 0.9. 
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Data were analyzed as a complete randomized design using the SAS® (Cary, Nc) 
Statistical Package. The GLM procedure was used to determine significant differences 
between main treatment effects and their interactions, and LSMEANS for mean separations. 
2.3 RESULTS 
The results of the analysis of variance (Appendix 1) showed that the number of t-roots 
per rhizome did have a significant effect on days to emergence from planting, days to flower 
from planting, number of inflorescences per pot, leaf area per pot and final shoot dry weight. 
The number of shoots per pot (average of three shoots per pot) and flower height (average of 
87 cm) were not statistically significant.  
Days to emergence and flower from planting had a similar response (Figure 1.1). As 
the number of t-roots per rhizome increased, the days to emergence and flower decreased. 
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Days to emergence Days to flower
  
 *Mean separation by LSMEANS (P<0.05) within lines. 
 
Figure 2.1. Effect of number of tuberous roots (t-roots) on days to emergence and flower 
of C. alismatifolia.  
 
The data suggests the critical number of t-roots per rhizome for rapid, uniform emergence was 
two; if the rhizome had two t-roots or more it emerged in about 60 days. In the case of days to 
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flower, this work suggests that the critical number of t-roots per rhizome was four; rhizomes 
that had more than four t-roots flowered in less time (an average of 96 days) when compared 
to those with fewer t-roots. 
T-root number had a significant effect on flower number (Table 1.1). Rhizomes with 
the least t-roots produced 2 flowers, in contrast to those with the most t-roots that produced 
one flower.  Even though the number of flowers was statistically different, horticulturally this 
difference may not be meaningful.  
Table 2.1. C. alismatifolia response to number of t-roots on number of flowers, leaf area 
and dry weight. 
Number of t-roots Number of flowers Leaf area (Square cm) 
Shoot dry weight 
(g) 
0 2 a 1290 a 14.2 a 
1 2 a 1010 b 14.1 a 
2 1 b 1094 b   14.0 ab 
3 1 b   1138 ab 15.6 a 
4 1 b   754 c   12.1 bc 
5 1 b   728 c 11.7 c 
6 1 b   798 c 11.6 c 
a-c Mean separation by LSMEANS (P<0.05) within columns. 
 
Similar to flower number, the greatest leaf area was produced by rhizomes with no t-
roots (Table 1.1). Rhizomes with 4 or more t-roots had significantly less leaf area compared to 
those with fewer t-roots. In addition, rhizomes with less than 4 t-roots produced shoots with 
significantly higher dry weights compared to those with 4 to 6 t-roots (Table 1.1). 
 Carbohydrate partitioning between the rhizome and t-roots was not compared 
statistically. However, Table 1.2 indicates that glucose and fructose concentrations were about 
the same between the two structures. Sucrose, however was detected at higher concentrations 




Table 2.2. Carbohydrate distribution in C. alismatifolia. 
 Rhizome  T-root 
 Concentration (mg/g-dry weight) %
z Concentration 





Sucrose 7.95 77 2.38 23 10.33 
Glucose 25.88 50 25.95 50 51.83 
Fructose 17.3 50 17.21 50 34.51 
Starch 813.2 43 1079.27 57 1892.47 
z% = Relative concentration in relation to total concentration. 
2.4 DISCUSSION 
 Number of t-roots of C. alismatifolia rhizomes had a significant effect on the speed of 
shoot emergence and flowering (Figure 1.1). This study agrees with Hagiladi et al.’s (1997) 
research, where rhizomes with 2 or more t-roots hastened flowering. This study suggests that 
for our conditions there is a critical number of 2 t-roots needed for rapid emergence. 
However, this critical number increased to 4 t-roots to produce rapid flowering (Figure 1.1). 
Since the absence or presence of t-roots greatly influenced these factors, rhizomes should be 
handled carefully during propagation and planting to insure that t-roots remain attached to the 
rhizomes.  
 Leaf area and shoot dry weight was the greatest in rhizomes with the least t-roots. 
Rhizomes with the least t-roots took longer to flower, thus these plants were in production a 
greater amount of time. Indicating that production of shoot biomass was necessary to sustain 
flowering, due to the lower levels of reserve carbohydrate with fewer t-roots associated to the 
rhizome.  
 Carbohydrates partitioned between rhizomes and t-roots may have a role in emergence 
and flowering. Table 1.2 indicates that starch concentration is greater in t-roots compared to 
rhizomes. In this study, those rhizomes with the greatest amount of t-roots accelerated 
emergence and flowering. Perhaps this was because they had a greater reserve of 
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carbohydrates to utilize. In potatoes, starch is converted to fructose, glucose, and sucrose, 
which are immediate substrates for the developing shoots (Sanewski et al., 1996). A similar 
response might be expected in the case of C. alismatifolia. 
2.5 LITERATURE CITED 
Hagiladi, A., N. Umiel, Z. Gilad and X.H. Yang. 1997. Curcuma alismatifolia I. Plant 
morphology and the effect of tuberous root number on flowering date and yield on 
inflorescence. Acta Horticulturae 430:747-753. 
 
Lekawatana, S. and O. Pituck. 1998. New floricultural crops in Thailand. Acta Hort 454:59-
63. 
 
Miller, W.B. and R.W. Langhans. 1989. Carbohydrate changes of ester lilies during growth in 
normal and reduced irradiance environments. J Amer Soc Hort Sci 114 (2): 310-315. 
 
Phongpreecha, K. 1997. Unpublished data. Chiangrai Horticultural Research Center, 
Thailand. 
 
Sanewski, G.M., S. Fukain and J. Giles. 1996. Shoot emergence of ginger (Zingiber officinale 








CHAPTER 3. STORAGE TEMPERATURE AND DURATION EFFECTS ON 
GROWTH AND DEVELOPMENT OF ORNAMENTAL GINGERS 
 
3.1 INTRODUCTION 
Ornamental gingers have great potential as potted plants due to their ease of 
production, unique foliage, colorful, long-lasting inflorescences, a 90 to 100 day production 
cycle and few pest problems (Sarmiento, 2000). Gingers can also be used as cut flowers and 
landscape plants.  
There are 90 genera of ginger in the Zingiberaceae family. They are herbaceous 
perennials, whose inflorescence is a compressed spike with colorful bracts that develops from 
the shoot, or directly develop from the rhizome (Wannagrairot, 1997). The true stem is an 
underground storage organ with lateral branches called a rhizome. Each rhizome has many 
lateral buds which develop to form the pseudostem above ground (Phongpreecha, 1997). 
Shoot emergence occurs when air temperatures are greater than 23/15 ºC (day/night) 
temperatures (Hagiladi et al., 1997).  
Ornamental gingers are most commonly propagated from their geophytic units, or 
rhizome (Hagiladi et al., 1997). The rhizome is a major source of water and carbohydrates. In 
general, the total growing period is 7 to 8 months, and flowering occurs for 2 to 3 months. 
Flowering initiates new rhizome formation. When flowering ceases, the aerial structures dry 
and the rhizomes become dormant (Phongpreecha, 1997).  
 A majority of these gingers are grown in Thailand. In their native habitat, most gingers 
emerge and grow during the rainy season, and dormancy ensues during the dry season. If 
rhizomes are dug and kept dry, they will remain dormant (Phongpreecha, 1997). In contrast to 
their native habitat, in temperate climates rhizomes enter dormancy when temperatures 
decrease and days shorten (Hagiladi et al., 1997; Lekawatana and Pituck, 1998; 
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Phongpreecha, 1997). Rhizomes in commercial production are harvested at this time for 
commercialization. Prior to replanting, dormancy must be broken to promote uniform 
emergence. Sprouting of propagules is favored by moisture and high temperature (30cºC) 
(Hagiladi et al., 1997). 
 Because gingers are dormant in the winter, they are suitable for growing as summer 
flowering potted plants anywhere in the United States. Often rhizomes are harvested from 
December to April in Thailand and shipped to the United States for forcing in March and 
April (Kuehny, 2001). Gingers can be held dormant in dry peat moss at room temperature 
(Kuack, 1998) until space becomes available for forcing, fitting into the pattern of activity of 
many grower operations (Burch, 2000). Gingers are good candidates for summer production 
and fill the lull between summer and fall production. 
Manipulation of rhizome storage to satisfy dormancy requires investigation into the 
storage environment. It appears that controlling growth, development and flowering in 
geophytic plants is dependent on reserve accumulation, mobilization, and redistribution 
(Phongpreecha, 1997). Therefore, determining the factors affecting these mechanisms would 
be useful for development of cultural techniques that would control shoot emergence and 
flowering. 
Temperature is the primary factor affecting bulb growth and is commonly used to 
hasten or delay development (De Hertogh and Le Nard, 1993). For a species to be used as a 
potted plant, it must be possible for growers to provide flowering plants within a specific time 
interval. Thus, the objective of this study was to determine the effect of rhizome storage 
temperature and duration on shoot emergence, growth, flowering, respiration rate, and 
carbohydrate content. 
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3.2 MATERIALS AND METHODS 
3.2.1 Experiment 11 
Rhizomes of Curcuma alismatifolia Gagnep., Curcuma roscoeana Wallich, Globba 
winittii C.H. Wright, and Kaempferia galanga L. were stored at the University of Hawaii in 
dry peat moss for two, three, or four months at 15, 20, or 25 ºC. Fifteen rhizomes were 
removed from storage simultaneously for every species and shipped to Louisiana State 
University. On receipt of the rhizomes, 10 were randomly assigned for forcing and the 
remaining five were frozen in liquid nitrogen and stored at -40 ºC for carbohydrate analysis.  
Individual rhizomes were weighed and planted 3 May 2001 in 15.2 cm pots with a 
media containing 3 parts peat moss, 2 parts pine bark, and 1 part perlite (by volume) amended 
with 5.1-kg/m3 dolomite, and 2.7-kg/m3 of super phosphate. Rhizomes were planted at 3.8 cm 
below the surface. After planting, pots were placed in the greenhouse with temperatures set at 
30 ºC day/25 ºC night. A preventive drench of Banrot 40% WP (Scotts-Sierra, Marysville, 
Oh) at 62.5 ml/100 L was applied immediately after planting. 
Once shoots had emerged, the pots were moved to a production greenhouse covered 
with a 40 % shade with temperatures set at 25 ºC day/21 ºC night and spaced at 23 cm x 23 
cm centers. Individual pots were placed on benches in a completely randomized design. Plants 
were fertilized every watering with 200 ppm N provided by Peter’s Tropical Foliage (24 N-8 
P2O5-16 K2O, Scotts Sierra, Marysville, Oh).  
Plants remained in production until 25 October 2001. Data collected included days to 
emergence from planting and days to flowering from planting. At harvest, data collected 
included number of inflorescences per pot, number of shoots per pot, and final shoot dry 
weight that was obtained by harvesting all aerial parts above media level. 
                                               
1 Section reprinted with permission from “Acta Horticulturae” (Appendix 2). 
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Carbohydrate analysis was conducted on five separate rhizomes per treatment. Soluble 
sugars and starch were extracted and measured using the procedure described by Miller and 
Langhans (1989).  On receipt from Hawaii, five rhizomes for each treatment were weighed, 
frozen in liquid nitrogen, stored at -40 ºC, and lyophilized.  Individual rhizomes were ground 
in a Wiley mill through a 20 mesh screen and one hundred milligrams (mg) of tissue was 
loaded into pasteur pipets fitted with glass wool plugs.  Soluble sugars were extracted three 
times with one milliliter (ml) 12 methanol: 5 chloroform: 3 water (MCW), stirred with a glass 
rod that was rinsed with 0.5 ml MCW, and suspended for one hour for each extraction. 
Following each extraction, pipets were drained using compressed nitrogen and extracts were 
collected in a 15-ml centrifuge tube. Mannitol (1.0 mg) was used as an internal standard and 
added at the beginning of the first MCW extraction. After extraction was complete, each pipet 
was rinsed with 1 ml MCW. Three ml HPLC-grade water was added to each tube, and 
samples were centrifuged 20 minutes using a bench-top centrifuge. The aqueous phase of the 
extract was removed and filtered through polyethylene columns containing 1 ml Amberlite 
IRA-68, acetate form, and 1 ml Dowex 50-W, hydrogen form (Sigma-Aldrich, St. Louis, Mo), 
resins. Columns were washed twice with 0.5 ml methanol: water (1:1). 
The aqueous phase was then vacuum dried using an EvapotechTM (Haake Buchler, Nj) 
with a refrigerated condensation trap RT100 (Savant Ins., Ny) to concentrate the sugars. 
Samples were resuspended using 2 ml HPLC-grade water and then passed through a 0.45-µm 
membrane filter using a 13 mm plastic filter holder (Pall, Gelman Laboratories, Ann Arbor, 
Mi). Samples were injected into a Waters HPLC (Milford, Ma) system using HPLC-grade 
water as the mobile phase at a rate of 1.0 ml min-1.  
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Soluble sugars were separated on a Shodex column maintained at 80 ºC using a 
column heater. Sugars were detected by refractive index and determination of specific sugars 
was based on the comparison of retention times to those of authentic D-sugars; sucrose, 
glucose and fructose (Sigma # S-9378, #G-5250, and # F-0127, respectively). 
After soluble carbohydrate extraction, starch was determined on the dried residue 
remaining in the pasteur pipets. Pipet tips were removed and tops with all their content were 
placed in 13 X 100-mm test tubes. Four ml of Na-acetate (Na-acetate trihydrate Fisher # 
S209-500) buffer (0.1 M, pH 4.2) were added to each test tube, agitated to disperse all 
clumps, and the sample placed into a boiling water bath for 20 minutes to gelatinize starch. 
After cooling, 1.0 ml amyloglucosidase (Sigma product # A-3042) solution (50 units/ml in 0.1 
M Na-acetate buffer) was added to each sample and incubated for 48 hours at 50 to 55 ºC with 
occasional agitation. After 48 hours, samples were agitated, and the material was allowed to 
settle. The amount of glucose in each sample was determined by adding 5.0 ml of ice-cold 
enzyme solution (25 units glucose oxidase (Sigma product # G6125), 5 units peroxidase 
(Sigma product # P8125), and 0.2 mg o-dianisidine (Sigma product # 510-50) in 0.1 M pH 6.0 
Na-phosphate buffer (Fisher Dibasic Anhydrous # S374-500; Monobasic # S369-500)) to a 
10-µl aliquot of sample and incubated for 30 min at 30 ºC. After incubation, 1.0 ml of 2.2 N 
HCl was added to each sample to stop the reaction and stabilize the colored product. Glucose 
standards (0-1.0 µmol glucose) were used to determine actual concentrations of glucose. 
Absorbance was measured at 450 nm on a Perkin Elmer spectrophotometer (Perkin Elmer 
Instruments, Norwalk, Ct). The assay was linear up to 0.8 µmol glucose. Starch content was 
calculated by multiplying glucose content by 0.9. 
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Data were analyzed as a completely randomized 3 x 3 factorial design for each 
individual species using the SAS® (Cary, Nc) Statistical Package. The GLM procedure was 
used to determine significant differences between main treatment effects and their 
interactions, and LSMEANS for mean separation. 
3.2.2 Experiment 2 
 Rhizomes of C. alismatifolia, C. roscoeana, Globba winittii and Kaempferia galanga 
were received from Thailand on 31 January 2003 and immediately weighed. All rhizomes 
were stored 4 February 2003 in dry peat moss for 0, 2, 4, 6, 8, 10, 12, 14, or 16 weeks at 
temperatures of 15, 20 or 25 ºC. Twelve rhizomes were used per treatment. Following 
treatment, six rhizomes were randomly assigned for production and the other six were used to 
determine respiration, soluble carbohydrate and starch content.  
Rhizomes were immediately weighed on removal from storage. Those used for forcing 
were planted in 15.2 cm pots with a media containing 3 parts peat moss, 2 parts pine bark, and 
1 part perlite (by volume) amended with 5.1-kg/m3 dolomite, and 2.7-kg/m3 of super 
phosphate. Rhizomes were planted at 3.8 cm below the surface. After planting, pots were 
placed in the greenhouse with temperatures set at 30 ºC day/25 ºC night. A preventive drench 
of Banrot 40% WP (Scotts-Sierra, Marysville, Oh) at 62.5 ml/100 L was applied immediately 
after planting. 
Once shoots had emerged, the pots were moved to a production greenhouse, covered 
with a 40 % shade, and with temperatures set at 25 ºC day/21 ºC night and spaced at 23 cm x 
23 cm center. Individual pots were placed on benches in a completely randomized design. 
Plants were fertilized every watering at 200 ppm N provided by Peter’s Tropical Foliage (24 
N-8 P2O5-16 K2O, Scotts Sierra, Marysville, Oh).  
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Plants remained in production until 19 September 2003. Data collected included days 
to emergence from planting and days to flowering from planting. At harvest data collected 
included number of inflorescences per pot, number of shoots per pot, and final shoot dry 
weight, which was obtained by harvesting all aerial parts above media level. 
The six rhizomes used to determine respiration rates, soluble carbohydrates, and starch 
content were individually incubated in sealed Mason jar. After an hour, a 0.5 ml gas sample 
from the head space was taken and carbon dioxide concentration was determined using a 
Varian gas chromatograph (Varian Instrument Group, Walnut Creek, Ca). After carbon 
dioxide analysis, rhizomes were frozen in liquid nitrogen, stored at -40 ºC, and lyophilized for 
soluble sugars and starch determination using the procedure previously described (Miller and 
Langhans, 1989).  
Data was analyzed as a complete randomized 3 x 3 factorial design for each individual 
species using the SAS® (Cary, Nc) Statistical Package. The GLM procedure was used to 
determine significant differences between main treatment effects and their interactions, and 
LSMEANS for mean separation. 
3.3 RESULTS 
3.3.1 Experiment 1 
3.3.1.1 Globba  
Storage temperature, duration, and their interaction had a significant effect on days to 
emergence (Appendix 3). The duration of rhizome storage affected shoot emergence, 
hastening emergence following longer storage periods (Table 3.1). Storage at 20 ºC appeared 
to be a neutral temperature in respect to shoot emergence, while 15 ºC delayed and 25 ºC 
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hastened shoot emergence (Table 3.1). The range of shoot emergence was 16 days (3 months 
at 25 ºC) to 39 days (3 months at 15 ºC) (Table 3.1). 
Storage temperature, duration, and their interaction had a significant effect on days to 
flowering from planting (Appendix 3). Increased storage duration hastened flowering, 
averaging 72 days for 2 months to 68 days for 4 months (Table 3.1). Rhizomes stored at 25 ºC 
required the least time to reach flowering, averaging 64 days, while 15 ºC and 20 ºC required 
72 and 71 days, respectively (Table 3.1). Three months at 25 ºC reduced days to flower to 56 
days; while the 3 months and 2 months at 15 ºC took the greatest number of days to flower 
(74 days) (Table 3.1). 
Table 3.1. Effects of rhizome storage temperature and duration on growth and 
carbohydrate concentration of Globba, 2001. 





















15  37 ab* 74 a  5 b  4.2 ad 11.7 a 
20  33 ac  70 ae   5 ab  5.2 bc 11.4 a 2 
25  35 ac  72 ae 4 a 3.3 d 13.7 b 
20.1 a 7.9 a 
15  39 b 74 a 4 a 3.3 d 10.8 a 
20  31 c  73 ae   5 bc  4.0 ad 10.5 a 3 
25  16 d 56 b 6 c  4.4 ac 12.8 b 
 9.9 b 1.0 b 
15  31 c  70 ce   5 ab  4.5 ac 10.2 a 
20  33 c  71 ae 4 a  3.6 ad   9.8 a 4 
25  22 e 64 d 5 b  4.0 ad  12.1 b 
 6.6 b 1.1 b 
* Mean separation by LSMEANS (P<0.05) within columns. 
 
The interaction of storage temperature and duration had a significant effect on the 
number of inflorescences produced per pot (Appendix 3). The range of inflorescence 
production was 6 (3 months at 25 ºC) to 4 inflorescences (3 months at 15 ºC) (Table 3.1). 
The interaction of storage temperature and duration had a significant effect on shoot 
dry weight at finish (Appendix 3). There was less than 1.9 gram (g) difference in the dry 
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weight of shoots from the 9 treatments. The heaviest shoots were produced by rhizomes from 
the 2 month, 20 ºC treatment (5.2 g) (Table 3.1). 
Storage temperature had a significant effect on sucrose content, while storage duration 
had a significant effect on glucose and fructose content (Appendix 3). Interactions of these 
treatments were not significant. The greatest sucrose content was indicated in rhizomes stored 
at 25 ºC with 14.2 mg/g-dry weight. Rhizomes stored at 15 and 20 ºC were not statistically 
different at 10.35 and 9.74 mg/g-dry weight, respectively (Table 3.1). Rhizomes stored for 2 
months had the greatest amount of glucose and fructose, at 20.1 and 7.9 mg/g-dry weight, 
respectively. For glucose, rhizomes stored for 3 and 4 months were not statistically different 
at 9.9 and 6.6 mg/g-dry weight, respectively. The same can be said for fructose, with an 
amount of 1.0 mg/g-dry weight for rhizomes stored for 3 months and 1.1 mg/g dry-weight for 
those stored for 4 months (Table 3.1). The storage treatments did not have a significant effect 
on starch content (Appendix 3). 
3.3.1.2 C. alismatifolia  
Storage treatments had no significant effect on days to emergence, days to flower from 
planting, number of inflorescences produced, or rhizome starch content (Appendix 4). The 
average for all treatments was 23 days to emergence and 80 days to flower from planting. The 
average number of inflorescences produced per pot was 1. 
The interaction of storage temperature and duration had a significant effect on shoot 
dry weight at finish (Appendix 4). Rhizomes stored for 2 months had the smallest final shoot 
dry weight at an average of 9.2 g. Those stored at 15 ºC had the greatest final dry weight of 
10.4 g (Table 3.2).  
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Table 3.2. Effects of rhizome storage temperature and duration on growth and 
carbohydrate concentration of C. alismatifolia, 2001. 








weight (g) (mg/g-dry weight) 
15      8.3 a*      0 a            0 a 
20     11.0 bc   16.3 bc   8.5 bc 2 
25     8.1 a 
40.7 a 
  12.9 bc     6.3 abc 
15   11.0 b    7.8 ac    1.5 ab 
20       9.3 ab 18.6 c  9.8 c 3 
25       9.5 ab 
22.8 b 
17.7 c    7.7 bc 
15   11.8 c 15.6 c      7.3 abc 
20       9.3 ab   10.4 ac      4.5 abc 4 
25     10.7 bc 
29.3 b 
36.2 d 22.7 d 
* Mean separation by LSMEANS (P<0.05) within columns. 
 
Rhizome storage temperature and duration had significant effects on sucrose, glucose, 
and fructose concentration (Appendix 4). Their interaction was significant only for glucose 
and fructose (Table 3.2). Rhizomes of the 2 month storage treatment had the greatest 
concentration of sucrose at 40.71 mg/g-dry weight, while those stored for 3 or 4 months had 
the least. The highest glucose and fructose concentration ocurred when rhizomes were stored 
for 4 months at 25 ºC, and the lowest when rhizomes were stored for 2 months at 15 ºC. 
3.3.1.3 C. roscoeana  
Storage durationa had a significant effect on days to emergence (Appendix 5). 
Rhizomes stored for 2 months took longer to emerge at 57 days. Those stored for 3 and 4 
months were similar at 48 days (Table 3.3). Storage temperature had no effect on days to 
emergence, as did the interaction. 
The storage treatments had no significant effect on days to flowering, number of 
inflorescences per pot, final shoot dry weight, or rhizome starch content (Appendix 5). It is 
important to note that very few plants flowered for this particular crop. 
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Table 3.3. Effects of rhizome storage temperature and duration on growth and 
carbohydrate concentration of  C. roscoeana, 2001. 








15 17.8 a 18.8 a 14.4 a 
20 12.1 b 21.2 a 16.8 a 2 
25 
57 a* 
  9.3 b 29.5 b 24.6 b 
15 19.5 a 20.7 a 15.9 a 
20 13.8 b 23.1 a 18.2 a 3 
25 
48 b 
11.0 b 31.4 b 26.1 b 
15 22.0 a 19.5 a 14.1 a 
20 17.2 b 21.9 a 16.5 a 4 
25 
48 b 
14.5 b 30.1 b 24.3 b 
* Mean separation by LSMEANS (P<0.05) within columns. 
 
Storage temperature affected sucrose, glucose, and fructose content (Appendix 5). The 
sucrose content decreased as temperature increased. Glucose and fructose levels increased as 
temperature increased (Table 3.3). Storage duration had no effect on carbohydrate content, as 
did the interaction. 
3.3.1.4 Kaempferia  
Storage temperature had a significant effect on days to emergence (Appendix 6). 
Rhizomes stored at 25 ºC emerged in 26 days, while rhizomes stored at 15 and 20 ºC required 
43 and 41 days to emerge, respectively (Table 3.4). Storage duration did not have a significant 
effect on days to emergence. 
For carbohydrate content, the only significant effect was the interaction of storage 
temperature and duration on the rhizome fructose concentration (Appendix 6). Storage 
duration of 4 months interacted with the temperature of 25 ºC, with greatest fructose 
concentration of 6.0 mg/g-dry weight. 
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Table 3.4. Effects of rhizome storage temperature and duration on growth and 




(months) Days to emerge 
Fructose  
(mg/g-dry weight) 
2     0 a 
3    1.5 ab 15 
4 
 43 a* 
     7.3 abc 
2     8.5 bc 
3   9.8 c 20 
4 
41 a 
     4.5 abc 
2      6.3 abc 




* Mean separation by LSMEANS (P<0.05) within columns. 
 
Storage treatments had no significant effect on days to flower, number of 
inflorescences per pot, final shoot dry weight, or rhizome starch concentration (Appendix 6). 
3.3.2 Experiment 2 
 3.3.2.1 Globba  
 Days to emergence (DTE) were significantly affected only by rhizome storage 
duration and the interaction of rhizome storage duration with rhizome storage temperature 
(Appendix 7). An increase in storage duration led to a decrease in DTE (data not shown). The 
least DTE occurred when rhizomes were stored for 16 weeks (24 days). When rhizomes were 
stored for 16 weeks at a storage temperature of 25 ºC DTE was decreased to 13 days (Fig. 
3.1). This was a decrease of 45 days when compared to the greatest DTE when rhizomes were 
stored for 2 weeks at 25 ºC. This was not significantly different from rhizomes that received 
no storage treatment. 
Days to flower (DTF) were significantly affected by rhizome storage temperature, 
rhizome storage duration, and their interaction (Appendix 7). Overall, an increase in storage 
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Figure 3.1 Effect of rhizome storage temperature and duration on days to emergence of 
Globba, 2003 (Bars represent standard errors). 
 
when rhizomes were stored for 16 weeks at 25 ºC (58 days) (Fig. 3.2). This was a decrease of 
almost 2 months (56 days) when compared to rhizomes that received no storage treatments. 
This trend was similar to storing rhizomes for 2 weeks at any storage temperature tested. 
 The number of shoots produced per pot was statistically affected by rhizome storage 
duration (Appendix 7). The average number of shoots produced was form 3 to 4. Even though 
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Figure 3.2 Effect of rhizome storage temperature and duration on days to flower of 
Globba, 2003 (Bars represent standard errors). 
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 The percent of rhizome weight loss was significantly affected by rhizome storage 
temperature, rhizome storage duration, and their interaction. An increased rhizome storage 
temperature and duration led to an increase in rhizome weight loss (Fig 3.3). The greatest 
weight loss occurred when rhizomes were stored for 16 weeks at 25 ºC (23.6 %), while the 
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Figure 3.3 Effect of rhizome storage temperature and duration on rhizome weight loss of 
Globba, 2003 (Bars represent standard errors). 
 
 The respiration rate of rhizomes was significantly affected only by rhizome storage 
temperature (Appendix 7). The greatest respiration rates occurred at a rhizome storage 
temperature of 20 ºC (21.45 ml CO2/kg/hr), which was similar to the respiration rates of 15 ºC 
(Fig 3.4). The lowest respiration rate occurred when rhizomes did not receive storage 
treatments (11.05 ml CO2/kg/hr), similar to rates at 15 and 25 ºC. 
Rhizome storage duration had a significant effect on rhizome glucose, fructose, total 
soluble sugar, and starch content (Appendix 7). Glucose, fructose, and total soluble sugars 
increased with an increase in storage duration (Table 3.5). The starch content however, 
decreased with rhizome storage duration of 2 weeks, followed by an increase with increasing 
storage duration. Rhizome sucrose content was not significantly affected by rhizome storage 




























 *Mean separation by LSMEANS (P<0.05). 
 
Figure 3.4 Rhizome storage temperature effects on the respiration rate of Globba, 2003. 
 
Table 3.5 Effect of rhizome storage duration on rhizome carbohydrate concentration of 
Globba, 2003. 
Glucose Fructose Total Soluble Sugars Starch 
Weeks of 
Rhizome 
Storage (mg/g-dry weight) 
0    6.2 a* 5.5 a   24.7 ab 198.0 af 
2    9.9 ab   9.0 ab   31.7 ab  26.4 b 
4      13.3 abcd   12.1 bc   32.0 ab    55.7 bc 
6    12.2 abc     10.6 abd   31.4 ab    94.6 cd 
8      12.9 abcd       11.7 abde   32.0 ab  127.7 de 
10   16.2 cd     14.1 cde   40.4 bc  148.0 ef 
12 17.3 d    15.6 ce 47.5 c 204.5 a 
14   17.0 cd   15.0 ce   46.3 ce  148.8 ef 
16   13.9 bd    12.4 be   36.3 be 199.4 a 
*Mean separation by LSMEANS (P<0.05) within columns. 
  
3.3.2.2 C. alismatifolia 
 DTE and DTF were significantly affected by rhizome storage temperature and 
rhizome storage duration (Appendix 8). An increase in rhizome storage temperature led to a 
decreased DTE and DTF (Fig. 3.5). When rhizomes were stored at 25 ºC, DTE were 26 days 
and DTF were 91 days. This was a decrease of emergence by 23 days and a decrease of days 
to flower by 30 days, when compared to rhizomes that received no storage treatment. 
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 *Mean separation by LSMEANS (P<0.05) within each line 
 
Figure 3.5 Effect of rhizome storage temperature on days to emergence and flower of C. 
alismatifolia, 2003. 
 
 An increase in rhizome storage duration led to an overall decrease on DTE and DTF 
(Figure 3.6). DTE was hastened when rhizomes were stored for 16 weeks (21 days), which 
was a 28 day decrease when compared to those rhizomes that received no storage treatments. 
DTF were hastened when rhizomes were stored for 10 weeks (87 days), which was a 34 day 
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 *Mean separation by LSMEANS (P<0.05) within each line. 
 




 The number of leaves produced per rhizome was significantly affected by rhizome 
storage duration (Appendix 8). Those rhizomes that were stored for 14 to 16 weeks produced 
the most leaves (6), which was similar to those stored for 2 and 12 weeks (Table 3.6). All 
other storage durations produced the least number of leaves (4), which was a decrease of one 
third of the most leaves produced. 
Table 3.6 Effects of rhizome storage duration on number of leaves and starch 
concentration of C. alismatifolia, 2003. 
Starch Weeks of 
Rhizome Storage 
Number of leaves 
(mg/g-dry weight) 
0   4 a*  714.2 ab 
2   5 ab 404.2 c 
4 4 a 629.2 b 
6 4 a 973.3 d 
8 4 a   526.2 bc 
10 4 a 345.0 c 
12   5 ab 984.8 d 
14 6 b   914.0 ad 
16 6 b   949.6 ad 
*Mean separation by LSMEANS (P<0.05) within columns. 
  
Rhizome storage temperature, rhizome storage duration, and their interaction had a 
significant effect on the percent of rhizome weight loss (Appendix 8). Weight loss increased 
with an increase of rhizome storage temperature and duration (Fig. 3.7). Rhizomes that did 
not receive storage treatments had the least weight loss (0.84%), which was similar to those 
that were stored for 2 weeks at all the rhizome storage temperatures. The greatest weight loss 
was given when rhizomes were stored for 14 weeks at 25 ºC.  
The rhizome starch content was significantly affected by rhizome storage duration 
(Appendix 8). The overall trend was an increased starch concentration with an increase in 
rhizome storage duration, except for sharp decreases observed when rhizomes were stored for 
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Figure 3.7 Effect of rhizome storage temperature and duration on rhizome weight loss of 
C. alismatifolia, 2003 (Bars represent standard errors). 
 
 Rhizome storage treatments did not have a significant effect on number of shoots 
(average of 2), number of flowers (average of 1), leaf area (average of 601 cubic cm), shoot 
dry weight (average of 9 g), respiration rate (average of 8.4 ml CO2/kg/hr), or rhizome 
sucrose (average of 10.7 mg/g-dry weight), glucose (average of 24.7 mg/g-dry weight), 
fructose (average of 20.2 mg/g-dry weight), and total soluble sugar content (average of 55.6 
mg/g-dry weight). 
 3.3.2.3 C. roscoeana 
 DTE was significantly affected by rhizome storage temperature and storage duration 
(Appendix 9). DTE decreased as storage temperature increased, with 25 ºC having the least 
DTE (59 days), which was a 27 day decrease when compared to rhizomes that did not receive 
a storage treatment (data not shown). Both rhizome storage temperatures of 15 and 20 ºC had 
the same effect on DTE (71 days). DTE also decreased with an increase in storage duration. 
The least days to emergence was given when rhizomes were stored for 14 weeks (48 days), 
which was statistically similar to storage durations of 12 and 16 weeks (Table 3.7). In 
contrast, rhizomes that did not receive a storage treatment took 38 days longer to emerge, 
similar to rhizome storage of 2, 4, and 6 weeks. 
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Table 3.7 Effect of rhizome storage duration on days to emergence, number of leaves, 











0   86 a*  12 ab  2037 ab    12.1 ab 
2 83 a 13 a 2284 a  14.1 a 
4   78 ab 12 a 2327 a    13.2 ab 
6   74 ab 10 b 1585 b  10.7 b 
8    67 bc 10 b   1482 bd  10.5 b 
10    67 bc 10 b   1543 bd   11.5 b 
12    57 cd     8 bc  1724 b   11.1 b 
14  48 d    6 cd     902 c     5.2 c 
16    60 cd  5 d    1068 cd     5.2 c 
*Mean separation by LSMEANS (P<0.05) within columns. 
 
 The number of leaves produced per rhizome, leaf area, and shoot dry weight was 
significantly affected by rhizome storage duration (Appendix 9). The fewest number of leaves 
was produced when rhizomes were stored for 16 or 14 weeks (5 and 6 leaves, respectively), 
while no storage duration, 2, or 4 weeks produced twice that amount (Table 3.7). Leaf area 
and shoot dry weight were similar, where the greatest leaf area and shoot dry weight were 
produced when rhizomes received no storage, 2, or 4 weeks. When rhizomes were stored for 
16 or 14 weeks, the leaf area and shoot dry weight were decreased by a little over or under 
half of the greatest leaf area and shoot dry weight (Table 3.7). 
 Rhizome weight loss was significantly affected by rhizome storage temperature, 
rhizome storage duration, and their interaction. An increase in rhizome storage temperature 
and duration led to an increase of rhizome weight loss (Fig. 3.8). The greatest weight loss was 
for rhizomes stored for 16 weeks at 25 ºC (32.4 %), similar to14 weeks at 25 ºC (29.8 %). 
Rhizomes that received no storage treatments had the least weight loss (2.1 %), which was 
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Figure 3.8 Effect of rhizome storage temperature and duration on rhizome weight loss of 
C. roscoeana, 2003 (Bars represent standard errors). 
 
 Rhizome storage duration had a significant effect on rhizome sucrose, glucose, 
fructose, total soluble sugar, and starch concentration. Starch concentration was affected by 
rhizome storage temperature (Appendix 9). The responses of rhizome carbohydrate 
concentration to storage duration are generally not consistent (Table 3.8). Sucrose content 
declined early in storage at 4 or 6 weeks, and then increased (Table 3.8). Glucose and fructose 
content however, increased except for a decrease when rhizomes were stored for 10 weeks 
(Table 3.8). Rhizome starch concentration was variable over time with a decrease when 
rhizomes were stored for 4 or 10 weeks (Table 3.8). The greatest starch concentration 
occurred when rhizomes were stored at 20 ºC (635 mg/g-dry weight), however all temperature 
treatments had a similar effect on starch concentration with an average of 536 mg/g-dry 
weight. 
Rhizome storage treatments had no effect on days to flower or the number of flowers. 
It is important to note that when the experiment was terminated, 19 September 2003, most of 
the C. roscoeana had not flowered. Rhizome storage treatments also had no significant effects 
on rhizome respiration rate (average of 12.2 ml CO2/kg/hr). 
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Table 3.8 Effect of rhizome storage duration on rhizome carbohydrate concentration of 
C. roscoeana, 2003. 
Sucrose Glucose Fructose Total Soluble Sugars Starch 
Rhizome 
storage 
time (mg/g-dry weight) 
0   54.8 a*   10.6 ab    8.9 ab    74.3 abc   527.9 ade 
2 48.3 a   8.7 a   7.2 a  64.3 ac  428.8 ae 
4 25.8 b      18.8 bcd     16.4 bcd 60.9 a 254.7 b 
6 28.5 b   23.6 ce   20.0 cd  72.2 ac   732.0 cd 
8 51.2 a  25.2 c 21.1 d 97.5 b   669.5 cd 
10 46.1 a       13.2 abd   11.1 ab  70.4 ac   346.0 be 
12   39.1 ab  24.8 c 21.6 d  85.5 bc 769.4 c 
14   42.4 ab    16.8 be     13.3 abc  72.6 ac   717.1 cd 
16   41.6 ab    16.8 be     13.5 abc  71.9 ac    655.0 cd 
*Mean separation by LSMEANS (P<0.05) within columns. 
 
 3.3.2.4 Kaempferia 
 DTE were significantly affected by rhizome storage temperature, rhizome storage 
duration, and their interaction (Appendix 10). An increase in rhizome storage temperature and 
duration led to an increase in DTE. DTE were hastened when rhizomes were stored for 16 
weeks at 25 ºC (8 days) (Fig. 3.9). The greatest DTE occurred when rhizomes were stored for 









0 2 4 6 8 10 12 14 16











Control 15 °C 20 °C 25 °C
 
Figure 3.9 Effect of rhizome storage temperature and duration on days to emergence of 
Kaempferia, 2003 (Bars represent standard errors). 
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 DTF were significantly affected by rhizome storage temperature and duration 
(Appendix 10). An increase in rhizome storage temperature decreased DTF (data not shown). 
The least DTF occurred with a storage temperature of 25 ºC (90 days), compared to an 
increase of 23 days when rhizomes received no storage treatment. The effects of storage 
temperatures 15 and 20 ºC were similar, with an average DTF of 99 days.  
The response of DTF to rhizome storage duration was variable. Generally, the greater 
the rhizome storage duration led to a decreased DTF; however, there was an increase in DTF 
when rhizomes were stored for 8 or 10 weeks (Fig. 3.10). There was an overall decrease of 35 
DTF from rhizomes that received no storage treatments to those that received the maximum 
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Figure 3.10 Effect of rhizome storage duration on days to flower of Kaempferia, 2003. 
 
 Rhizome weight loss was significantly affected by rhizome storage temperature and 
duration (Appendix 10). Rhizome weight loss was the greatest when rhizomes were stored at 
temperatures of 25 ºC (12.6 %). Rhizomes that received no storage treatment lost less weight 
(0.59%), while those stored at 15 ºC lost 9.5 %. Similar to storage temperature, rhizome 
weight loss increased with increased rhizome storage duration (Fig. 3.11). 
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Figure 3.11 Effect of rhizome storage duration on rhizome weight loss of Kaempferia, 
2003. 
 
 Rhizome storage temperature had a significant effect on rhizome glucose, fructose, 
and total soluble sugars content (Appendix 10). Rhizome glucose, fructose, and total soluble 
sugars content followed the same pattern; the greatest concentrations were for rhizomes stored 
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Figure 3.12 Effect of rhizome storage temperature on rhizome glucose, fructose, and 
total soluble sugars concentration of Kaempferia, 2003. 
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 Starch was significantly affected by rhizome storage duration; however the response 
was not consistent. Generally, there was an increase in rhizome starch content with an 
increase in storage duration, but there were significant decreases when rhizomes were stored 
for 2, 8, or 10 weeks (Fig. 3.13). 
 Rhizome storage treatments had no significant effect on rhizome respiration (an 
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The results of experiment 1 and 2 showed some differences in response to storage 
temperature and duration. The variability may be due to several factors such as time, genetic 
variability, or development stage of the dormant rhizomes. It may also be due to differences in 
experimental procedure. For the first experiment, rhizomes were held at 21 ºC and then placed 
into storage of 2, 3, or 4 months, such that all rhizomes were removed from storage on the 
same date. For the second experiment, rhizomes were placed into storage on the same date 
and removed when such storage duration had been fulfilled, reducing variation caused by 
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differences in the physiological stage of the rhizome. The rhizomes of the second experiment 
were also sampled every 2 weeks for a period of 16 weeks, while in experiment 1, rhizomes 
were only sampled three times in this same time period. Experiment 2 provided a more 
precise insight into the effects rhizome storage temperature and duration had on growth and 
development. 
The production time, DTE and DTF, was reduced with an increase in storage 
temperature and duration for all species. An increased rhizome storage temperature emulated 
the temperature most appropriate for rapid emergence in the greenhouse. Temperature affects 
the rates of all plant processes, within limits, an increased temperature speeds growth and 
development, but there are also specific effects of temperature such as on breaking dormancy 
and flower initiation (Rees, 1992). In Achimenes, high temperatures of 20 to 30 ºC promote 
emergence and flowering (Vlahos, 1985). While in Caladium, the optimum temperature for 
forcing tubers was 27 ºC (Marousky and Raulston, 1973). In this study, the optimum 
temperature for storage of rhizomes for hastening of production is 25 ºC. This similar to the 
findings of Wannagrairot (1997), where rhizomes of C. alismatifolia that were stored at 25 to 
30 ºC  for 4 to 6 weeks took less time to flower than those which were not stored. 
The results of this study suggest that the storage duration should be at least 12 weeks 
and up to 16 weeks for the most rapid emergence. An increased storage duration decreased 
days to emergence and flowering of Globba, C. alismatifolia, C. cordata, and Kaempferia. 
This is true for many geophytic species; for example Caladium, Achimenes, Oxalis, Ipheion, 
and Freesia in which the greater the storage duration the shorter the days to emergence and 
subsequent flowering (Marousky and Raulston, 1973; Harbaugh and Gilreath, 1986; Armitage 
et al., 1996; Vlahos, 1985; Rees, 1992). 
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The response of the metabolic processes measured in this study, respiration and 
carbohydrate content, were not consistent with rhizome and plant growth responses observed. 
For many flowering bulb crops the concentration of starch decreases as storage duration 
increases. For example, the concentration of starch decreased in scales and buds of tulips 
when stored for up to 12 weeks (Kamenetsky et al., 2003). This decrease was accompanied by 
an increased concentration of soluble fructan, sucrose, glucose, and fructose. This response 
was not observed in the four species of ornamental gingers in this study. Other studies on 
tulips have concluded that environmental factors play a determining role on how bulbs will 
respond to different forcing regimes and that the observed carbohydrate changes under 
different temperature treatments were incidental (De Hertogh and Le Nard, 1993). 
According to Kamenetsky et al. (2003), dormancy release is unlikely to rely on a 
linear control pathway, but it is modulated by interconnected metabolic pathways, for 
example decreases in specific proteins, alterations in hormone levels, as well as starch 
degradation and sucrose translocation. It is possible that in ornamental gingers, the release of 
dormancy that occurs at higher rhizome storage temperatures and durations is not regulated by 
carbohydrate content and its evolution during this dormancy release.  
The increased starch concentration during storage all the species in this study is very 
striking, but it is similar to the findings of Aung et al. (1976). They observed a surprising 
increase in starch over 14 weeks at 4 ºC storage in Tulipa gesneriana. These results could not 
be explained simply on the basis of possible transformations from soluble sugars or decrease 
in moisture content. The observed increase in starch content may be derived from the 
conversion of organic acids and/or fats of bulb tissues into starch and from dark CO2-fixation. 
The same explanation could be possible for ornamental gingers. The average concentrations 
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of sucrose, glucose, fructose, and starch of ornamental gingers across all treatments are 
reported in Table 3.9. Starch was the most abundant carbohydrate in the rhizomes of 
ornamental gingers, as is in edible ginger, iris, and tulips (Govindarajan, 1982; Imanishi et al., 
1994; Kamenetsky et al., 2003). The starch concentration of tulip bulbs is 603 mg/g-dry 
weight (Aung et al., 1976) and of rhizomes of C. alismatifolia is 625 mg/g-dry weight 
(Ruamrungsri et al., 2001), which is comparable to the concentrations of this study for C. 
alismatifolia, C. roscoeana, and Kaempferia  
In the case of iris bulbs (Imanishi et al., 1994), the total soluble carbohydrate 
concentration is 70 mg/g of dry weight, which is very similar to the total soluble sugars 
determined in C. alismatifolia and C. roscoeana. The reported value of total soluble sugars of 
C. alismatifolia by Ruamrungsri et al. (2001) is 126 mg/g-dry weight, which is not 
comparable to those values of C. alismatifolia in this study; however, this is similar to the 
concentration found in Globba. 





winittii C. alismatifolia C. roscoeana 
Kaempferia  
galanga 
Sucrose 110.6 (42 %) 10.7 (1 %) 40.9 (6 %) 1.4 (0.3 %) 
Glucose 13.8 (5 %) 24.7 (3 %) 18.1 (3 %) 10.5 (1.9 %) 
Fuctose 13.3 (5 %) 20.2 (3 %) 15.2 (2 %) 9.0 (1.6 %) 
Starch 128.5 (48 %) 717.8 (93 %) 572.6 (89 %) 528.5 (96.2 %) 
Total 266.2 773.4 646.8 549.4 
 
 The respiration rate of the rhizomes of the four ornamental gingers in this study was 
not an indication of the growth and development observed.  Rees (1992) was also not 
successful in attempting to use respiration rates as an indicator of bulb maturity or 
developmental stages of the shoots within the bulb of Iris. The average respiration rate for 
rhizomes of Globba was 17.7 ml CO2/kg/hr, 8.39 ml CO2/kg/hr for C. alismatifolia, 12.17 ml 
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CO2/kg/hr for C. roscoeana, and 3.87 ml CO2/kg/hr for Kaempferia. There were differences 
in the respiration rates between species. The highest respiration rates were found in Globba, 
this could be because the rhizomes of Globba contain more sucrose than the rest of the 
species, which can be an indicator of higher respiration rates. 
These results of the respiration rates were similar to the respiration rates of tubers of 
sweet potato (3 to 11 ml CO2/kg/hr) and yams (5 to 20 ml CO2/kg/hr) (Ravi and Aked, 1996) 
and also, respiratory values of other flower bulbs (Hyacinthus, Iris, Easter lilies, Narcissus, 
and Tulipa) (De Hertogh and Le Nard, 1993). The range of respiration of these bulbs has been 
determined to be between 7 ml CO2/kg/hr and 30 ml CO2/kg/hr, which is comparable to 
potatoes (25 ml CO2/kg/hr), but much lower than for apples (133 ml CO2/kg/hr). These rather 
low respiration rates mean that the rhizomes of ornamental gingers can be stored for a 
prolonged period of time, including 12 to 16 weeks of recommended storage needed for the 
hastening of production. 
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CHAPTER 4. COLD AND HOT RHIZOME STORAGE EFFECTS ON GROWTH 
AND DEVELOPMENT OF ORNAMENTAL GINGERS 
 
4.1 INTRODUCTION 
Ornamental gingers are currently used as cut flowers, landscape plants and more 
recently flowering potted plants. Factors that enhance their potential for use as flowering 
potted plants are ease of production, unique foliage, colorful, long-lasting inflorescences (over 
4 weeks), and few pest problems (Sarmiento, 2000). 
There are 90 genera of ginger in the Zingiberaceae family. They are herbaceous 
perennials, most of whose inflorescence is a spike of colorful bracts. Curcuma alismatifolia 
has a terminal inflorescence rising about 90 to 100 cm above the foliage with pink or white 
bracts that collectively resemble the shape of a tulip and thus these plants are sometimes 
called ‘Siam Tulip’. C. cordata has a terminal inflorescence about 12 to 20 cm in length with 
various shades of pink bracts that are similar in shape to a pinecone. The inflorescence 
remains below the foliage upon initial emergence but soon grows above the upper leaves and 
thus C. cordata is commonly called the ‘hidden ginger’ or ‘surprise ginger’ (Chapman, 1995). 
Globba has a pendant inflorescence that grows to 12 cm in length (Howard, 2001), producing 
6 to 12 flowering stems (Kuack, 1998). 
Curcuma and Globba plants are commonly propagated from geophytic units that 
include a rhizome and several tuberous storage roots, termed “t-roots” (Hagiladi et al., 1997). 
In the Northern parts of Thailand, these rhizomes are harvested in December and stored dry in 
sheds. The rhizomes are generally shipped to growers and planted in early spring (April). 
Shoot emergence occurs when air temperatures are greater than 23 ºC day /15 ºC night 
temperatures (Hagiladi et al., 1997). Sarmiento (2000) found that emergence is often sporadic 
and may take as long as 60 days for C. alismatifolia, 100 days for C. cordata and 50 days for 
 51 
Globba. They flower from late spring to late fall. These characteristics make them suitable for 
production as summer flowering potted plants (Burch, 1998). Ornamental gingers maintain 
vegetative growth until late fall or early winter when senescence begins, and plants go 
dormant in response to short days (Lekawatana and Pituck, 1998).  
In many geophytes, several weeks of storage at low temperature are required for 
breaking dormancy (Borochov et al., 1997). For Zingiber mioga, Gracie et al. (2000) observed 
that with increased length of chilling emergence and variability in emergence was reduced. 
Dormancy of storage organs can be terminated prematurely by chilling. Cold temperature of 
15 ºC for 1 week prior to forcing decreased days to emergence of C. alismatifolia and 
maintaining forcing temperatures above 30 ºC also decreased days to emergence (S. 
Wannagrairot, personal communication). Correctly satisfying the dormancy requirements of 
rhizomes is an important factor for pot plant production for earlier forcing by growers and 
uniform development (Burch, 1998). Thus, the objectives of this study were to determine the 
effect of combinations of rhizome storage temperatures and duration on consequent shoot 
emergence, growth, and flowering of C. alismatifolia, C. cordata, and Globba winittii. 
4.2 MATERIALS AND METHODS 
Rhizomes of C. alismatifolia, C. cordata, and Globba winittii were stored at the 
University of Hawaii in dry peat moss for 0, 1, 2, or 3 weeks at 10 or 15 ºC. Immediately 
following cold storage, rhizomes were transferred to hot storage for 0, 1, 2, or 3 weeks at 25, 
30, or 35 ºC. Eight rhizomes were used per treatment combination. After each week of 
storage, rhizomes were shipped to Louisiana State University for forcing beginning on 11 
March 2002. Upon arrival, individual rhizomes were weighed and planted in 15.2-cm pots 
with a media containing 3 parts peat moss, 2 parts pine bark, and 1 part perlite (by volume) 
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amended with 5.1-kg/m3 dolomite, and 2.7-kg/m3 of super phosphate. Rhizomes were planted 
3.8 cm below the surface. After planting, pots were placed in a greenhouse with temperatures 
set at 30 ºC day/25 ºC night. A preventive drench of Banrot 40% WP (Scotts-Sierra, 
Marysville, Oh) at 62.5 ml/100 L was applied immediately after planting. 
Once shoots had emerged, the pots were moved to a production greenhouse covered 
with 40% shade, temperatures set points of 25 ºC day/21 ºC night and spaced at 23 cm x 23 
cm centers. Individual pots were placed on benches in a completely randomized design. Plants 
were fertilized every watering at 200 ppm N provided by Peter’s Tropical Foliage (24 N-8 
P2O5-16 K2O, Scotts Sierra, Marysville, Oh).  
Data collected included days to emergence from planting and days to flowering from 
planting. Plants were harvested seven weeks after the day of first flower. Data collected 
included number of inflorescences per pot, number of shoots per pot, height of plant, length of 
inflorescence, leaf area per pot, and final shoot dry weight, which was obtained by harvesting 
all aerial parts above media level. 
Data was analyzed as a complete randomized design for each individual species using 
the SAS® (Cary, Nc) Statistical Package. The GLM procedure was used to determine 
significant differences between main treatment effects and their interactions, and LSMEANS 
for mean separation. 
4.3 RESULTS 
 There were few significant differences in number of shoots, number of inflorescences, 
or shoot dry weight.  Therefore only days to emergence and days to flower is reported. 
4.3.1 Globba  
 Days to emergence was significantly affected by rhizome cold storage duration, cold 
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storage temperature, hot storage duration, hot storage temperature, the interactions of cold 
storage duration with hot storage duration, the interaction of hot storage duration with hot 
storage temperature, and the interaction of cold storage with hot storage (Appendix 11). As 
weeks of both cold and/or hot storage increased, the days to emergence decreased (Fig. 4.1).  
The least days to emergence was 16 days when stored for 3 weeks of both cold and hot 
storage, which was a decrease of 27 days when compared to the greatest days to emergence 
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 *Mean separation by LSMEANS (P<0.05) within the figure. 
 
Figure 4.1 Effect of weeks of hot storage in combination with weeks of cold storage on 
days to emergence of Globba. 
 
 There was a small but significant decrease in days to emergence (4 days) when 
rhizomes were stored at 15 ºC and no hot storage (Table 4.1), when compared to 10 ºC. There 
was a greater significant decrease in days to emergence (up to 16 days), however, when 
rhizomes were stored in either cold storage temperature in combination with hot storage 
temperature, when compared to no hot storage (Table 4.1). 
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Table 4.1. Effect of cold storage temperature in combination with either no hot storage 
or with hot storage on days to emergence of Globba. 
Days to Emergence Cold Storage Temperature 
No Hot Storage With Hot Storage 
10 ºC  39 a* 26 c 
15 ºC 43 b 27 c 
*Mean separation by LSMEANS (P<0.05) within row and columns. 
 
 The greater the hot storage duration and temperature the fewer the days to emergence 
(Table 4.2). When hot storage was not preceded by cold storage, the decrease in days to 
emergence with an increase of storage duration was of 16 days. When the hot storage was 
preceded by cold storage, this decrease in days was even greater (20 days). When comparing 
hot storage treatments with or without cold storage, there was a general tendency of decrease 
in days to emergence when hot storage was preceded by cold storage, with the greatest 
decrease being 26 days. 
Table 4.2 Effect of hot storage temperature and duration in combination with either no 
cold storage or with cold storage on days to emergence of Globba. 
Days to Emergence Hot Storage 
Temperature 
Weeks of Hot 
Storage No Cold Storage With Cold Storage 
1    40 ab* 35 v 
2 38 b  31 w 25 ºC 
3 32 c 25 x 
1 44 a 35 v 
2 33 c 27 x 30 ºC 
3   26 de 20 y 
1   39 ab  31 w 
2   30 ce 18 y  35 ºC 
3 24 d 15 z 
*Mean separation by LSMEANS (P<0.05) within columns. 
 
 The interaction of cold storage with hot storage was significant for days to emergence 
(data not shown). The least days to emergence was 14 days when the rhizomes were stored for 
3 weeks at 15 ºC followed by 3 weeks at 30 ºC. The most days to emergence was 44 days 
when rhizomes were stored for 1 week at 30 ºC with no cold storage and when rhizomes were 
stored for 2 weeks at 15 ºC with no hot storage.  
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 Days to flower was significantly affected by rhizome cold storage duration, hot 
storage duration, hot storage temperature, the interaction of cold storage duration with cold 
storage temperature, and the interaction of hot storage duration with hot storage temperature 
(Appendix 11). Days to flower decreased with increasing weeks of either cold storage 
temperature (Table 4.3). The greatest decrease was at 10 ºC with no hot storage (decrease of 
42 days), but the least days to flower was given when rhizomes were stored for 3 weeks at 15 
ºC with hot storage, which was statistically similar to 2 and 3 weeks of cold storage at 10 ºC 
with hot storage. Hot storage following cold storage produced an overall decrease in days to 
flower. 
Table 4.3 Effect of weeks of cold storage temperature and duration in combination with 
either no hot storage or with hot storage on days to flower of Globba. 
Days to Flower Cold Storage 
Temperature 
Weeks of Cold  
Storage No Hot Storage With Hot Storage 
1   138 a* 89 d 
2 115 b    83 dfg 10 ºC 
3   96 cde  82 fg 
1   111 bc  94 e 
2   109 bc   87 df 15 ºC 
3     102 bce  78 g 
*Mean separation by LSMEANS (P<0.05) within rows and columns. 
 
 Days to flower significantly decreased as hot storage duration and temperature 
increased (Table 4.4). The decrease of days to flower was significant within each temperature 
treatment. The greatest decrease was within the 35 ºC hot storage temperature with no cold 
storage, where with an increase of rhizome hot storage, the decrease was of 38 days. Also, if 
hot storage was preceded by cold storage, there was an overall decrease of days to flowering 
within each treatment combination. The least days to flower occurred when rhizomes were 
stored for 3 weeks at 35 ºC preceded by some cold storage, which was statistically similar to 2 
weeks at 35 ºC and 3 weeks at 30 ºC, both preceded by some cold storage. 
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Table 4.4 Effect of weeks of hot storage temperature and duration in combination with 
either no cold storage or with cold storage on days to flower of Globba. 
Days to Flower Hot Storage 
Temperature 
Weeks of Hot 
Storage No Cold Storage With Cold Storage 
1   108 a*  98 ac 
2  106 a 91 c 25 ºC 
3 91 c 86 c 
1    116 ab    100 ac 
2    102 ac 85 c 30 ºC 
3 95 c 76 d 
1   126 b  90 c 
2 93 c 75 d 35 ºC 
3 88 c 68 d 
*Mean separation by LSMEANS (P<0.05) within rows and columns. 
 
4.3.2 C. alismatifolia 
 Days to emergence was statistically affected by hot storage duration, the interaction of 
cold storage duration with hot storage duration, and the interaction of cold storage with hot 
storage (Appendix 12). As weeks of hot storage increased, days to emergence decreased (Fig. 
4.2). There was also a general tendency for days to emergence to decrease as weeks of cold 
storage increased. This was not as pronounced however, as with Globba.  
 The interaction of cold storage with hot storage was significant (data not shown). The 
least days to emergence was 13 days when rhizomes were stored for 3 weeks at 10 ºC 
followed by 3 weeks at 30 ºC. The most days to emergence was 43 days when rhizomes were 
stored for 3 weeks at 10 ºC followed by 1 weeks at 35 ºC. 
 Days to flower was significantly affected by cold storage duration, hot storage 
temperature, hot storage duration, the interaction of cold storage duration with hot storage 
temperature, the interaction of cold storage duration with hot storage duration, the interaction 
of hot storage duration with hot storage temperature, and the interaction of cold storage with 
hot storage (Appendix 12). None of the responses however, followed a specific trend (data not 
shown). The least days to flower was 60 days when rhizomes were stored for 1 week at 15 ºC 
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followed by 3 weeks at 35 ºC. The most days to flower was 131 days when rhizomes were 
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Figure 4.2 Effect of weeks of hot storage in combination with weeks of cold storage on 
days to emergence of C. alismatifolia (Bars represent standard errors). 
 
4.3.3 C. cordata 
 Days to emergence was significantly affected by rhizome cold storage temperature, 
cold storage duration, hot storage temperature, hot storage duration, the interaction of cold 
storage duration with hot storage duration, the interaction of hot storage duration with hot 
storage temperature, and the interaction of cold storage with hot storage (Appendix 13).  As 
weeks of both cold and/or hot storage increased, the days to emergence decreased (Fig. 4.3). 
Days to emergence were decreased by up to 36 days.  
 The greater the hot storage duration and temperature the fewer the days to emergence 
(Table 4.5). Decreased days to emergence (28 days) increased with storage duration with or 
without cold storage. When hot storage was preceded by cold storage, however emergence 
was decreased when compared to treatments that had not been preceded by cold storage. The 
least days to emergence occurred when rhizomes were stored for 2 to 3 weeks at 35 ºC. The 
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most days to emergence occurred when rhizomes were stored for 1 week at 25 ºC, which was 
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Figure 4.3 Effect of weeks of hot storage in combination with weeks of cold storage on 
days to emergence of C. cordata. 
 
 The interaction of cold storage with hot storage was significant on days to emergence 
(data not shown). The least days to emergence was 32 days when the rhizomes were stored for 
2 weeks at 10 ºC followed by 35 ºC for 3 weeks. The most days to emergence was 88 days 
when rhizomes were stored for 1 week at 15 ºC with no hot storage.  
Table 4.5 Effect of weeks of hot storage temperature and duration in combination with 
either no cold storage or with cold storage on days to emergence of C. cordata. 
Days to Emergence Hot Storage 
Temperature 
Weeks of Hot 
Storage No Cold Storage With Cold Storage 
 1 87 a* 68 v 
25 ºC 2 83 ab  63 w 
 3  63 cfg   54 xy 
 1 80 ad    64 vw 
30 ºC 2     70 cdeg    59 wx 
 3   65 ceg 53 y 
 1     72 bdef   61 w 
35 ºC 2               59 g  45 z 
 3    61 ceg  40 z 
*Mean separation by LSMEANS (P<0.05) within columns. 
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 The experiment was terminated on 10 October 2003 and many of the C. cordata plants 
had not yet flowered. Therefore, although storage duration and temperature significantly 
affected days to emergence, days to flower was not significantly affected by storage 
treatments in this study (Appendix 13). 
4.4 DISCUSSION 
 Rhizome cold storage in combination with hot storage affected growth and 
development of ornamental gingers. For Globba, a hastening in production time was achieved 
when rhizomes storage duration was prolonged up to 3 weeks for cold and hot storage. The 
combination of this two temperature regimens was equally important in hastening emergence 
and flowering (Table 4.1 to 4.4). Short rhizome storage durations of only 1 week at any 
temperature prolonged emergence up to 30 days. The cold storage condition that hastened 
emergence and flowering was 15 ºC and the hot storage temperature was 30 or 35 ºC, 
indicating that due to their tropical nature, this species prefers higher storage temperatures. 
 Emergence of C. alismatifolia was similar to Globba, where a hastening of emergence 
was achieved with prolonged rhizome storage, of at least 3 weeks at each temperature. 
Emergence and flowering were prolonged when rhizomes were stored for 3 weeks at 10 ºC 
followed by 1 week at 35 ºC. C. alismatifolia is sensitive to low temperatures during 
dormancy, prolonging emergence and flowering and thus extending production time. 
 C. cordata responded similarly, where emergence is hastened by an increase in 
rhizome storage time, at least 2 weeks of cold storage followed by 3 weeks of hot storage. C. 
cordata also needs a combination of both temperature regimens to hasten emergence. The 
storage conditions did not promote flowering within the 213 days of this study, thus, other 
 60 
alternative most be explored in order to promote earlier flowering of  C. cordata to make it a 
more suitable candidate for pot plant production. 
 The decrease in production of ornamental gingers in response to a temperature 
combination of low temperatures followed by high temperatures could be because it is 
generally assumed that storing bulbs at cold temperatures increases or triggers the increase of 
the promoters of development and/or the decrease of inhibitors, that result in rapid shoot 
emergence (Beattie and White, 1993). Gladiolus are programmed using a cold-warm 
sequence, similar to those tested in this study. The low temperatures are used to break 
dormancy of the corm, while the warm phase promotes root growth and flower development, 
leading to earlier flowering (Cohat, 1993). A similar response in ornamental gingers is 
possible, determined by this experiment. 
4.5 LITERATURE CITED 
Beattie, D.J. and J.W. White. 1993. Lilium – hybrids and species. In: The physiology of 
flower bulbs. Eds De Hertogh, A. and M. Le Nard. Elsevier, The Netherlands, pp. 423-454. 
  
Borochov, A., H. Spiegelstein, and D. Weiss. 1997. Dormancy and storage of geophytes. Acta 
Horticulturae 430: 405- 409. 
 
Burch, D. 2000. Growing ginger. Greenhouse Grower 164-170. 
 
Chapman, T.S. 1995. Ornamental gingers: a guide to selection and cultivation. 2nd ed. St. 
Gabriel, Louisiana. 
 
Cohat, J. 1993. Gladiolus. In: The physiology of flower bulbs. Eds De Hertogh, A. and M. Le 
Nard. Elsevier, The Netherlands, pp. 297-320. 
 
Gracie, A.J., P.H. Brown, B.W. Burgess, and R.S. Clark. 2000. Rhizome dormancy and shoot 
growth in myoga (Zingiber mioga Roscoe). Scientia Horticulturae 84:27-36. 
 
Hagiladi, A., N. Umiel, Z. Gilad and X.H. Yang. 1997. Curcuma alismatifolia I. Plant 
morphology and the effect of tuberous root number on flowering date and yield on 
inflorescence. Acta Horticulturae 430:747-753. 
 
Howard, T.M. 2001. Bulbs for warm climates. Texas Press, pp. 227-236. 
 61 
 
Kuack, D. 1998. Globba winittii. Greenhouse management and production, 18 (5): 10. 
 
Lekawatana, S. and O. Pituck. 1998. New floricultural crops in Thailand. Acta Hort 454:59-
63. 
 
Sarmiento, M.J. 2000. Effect of production practices on growth and development of 
Zingiberaceae. M.S. Thesis, Dept. of Horticulture, Louisiana State Univ., Baton Rouge. 
 
 62 
CHAPTER 5. EFFECT OF RHIZOME STORAGE DURATION AFTER 




 Gingers are rhizomatous herbaceous perennials. Many are grown for ornamental 
purposes because of their showy and attractive inflorescences. This family constitutes many 
species of different plant sizes, leaf and flower color and shapes. The true stem is a rhizome 
formed from lateral buds at the base of a pseudostem when it is mature (Phongpreecha, 1997). 
Each rhizome has many lateral buds which develop to form the pseudostem above ground 
producing leaves and inflorescences (Phongpreecha, 1997; Wannagrairot, 1997). Flowering 
initiates new rhizome formation. When flowering ceases, the aerial structures dry and the 
rhizomes become dormant (Phongpreecha, 1997). Rhizomes enter dormancy in winter in 
response to short days and/or low temperatures (Hagiladi et al., 1997; Lekawatana and Pituck, 
1998; Phongpreecha, 1997). Rhizomes in commercial production are harvested at this time for 
storage and distribution. Prior to replanting, the dormancy requirements must be satisfied to 
ensure uniform and rapid shoot emergence and flowering. 
 In edible gingers, shoot emergence was stimulated by ethephon. Shoot production was 
stimulated whether ethephon was applied to the foliage or the rhizome (Furutani and Nagao, 
1986). Ethephon, an ethylene releasing compound, has been used commercially for height 
control, branching, flower induction, and flower inhibition. It has also been used to stimulate 
seed germination in some plant species. Ethephon is also a branching agent that promotes 
development of the axillary shoots without damaging the apical meristem (Dole and Wilkins, 
1999). Ethephon is used in the ornamental industry to delay flowering, selectively abort 
flowers, abscise leaves, as well as to reduce stem elongation and increase stem strength 
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(Basra, 2000). In edible gingers, the exposure to ethylene at 250 ppm for 15 minutes increased 
the number of shoots and number of roots, which suggested a dormancy-breaking response 
(Sanewski et al., 1996). BA has also been used with success in breaking dormancy in several 
bulbous and tuberous plants, like gladiolus (Vlahos, 1985). 
 Cytokinins and BA are known to induce bud break on many kinds of plants on both 
aerial and underground parts (Criley, 2001). They may also be used to stimulate axillary shoot 
development of carnation and roses (Dole and Wilkins, 1999). Dormancy in yam and potato 
can be terminated by cytokinins and ethylene (Suttle, 1996), and in potato tubers, synthetic 
cytokinins can also stimulate bud growth (Suttle, 2000). Vlahos (1985) suggested that in 
Achimenes soaking the rhizomes in BA and storing them at 25 ºC for two weeks increased the 
endogenous cytokinin levels and reduced growth inhibitors resulting in a breaking of 
dormancy.  Storage duration is known to greatly influence days to emergence and flowering 
of many bulbous crops (Marousky and Raulston, 1973; Harbaugh and Gilreath, 1986; Vlahos, 
1985). 
Harbaugh and Gilreath (1986) showed in Achimenes a decrease in time to emergence 
and flowering with an increase in storage. In edible gingers, Sanewski et al. (1996) 
demonstrated a positive effect of increased storage on rapid shoot emergence. Thus, the 
objectives of this study were to evaluate different concentration of BA and ethephon rhizome 
dips and subsequent storage lengths on growth, development, and flowering of Globba winitti, 
Curcuma alismatifolia, and C. cordata. 
5.2 MATERIALS AND METHODS 
Rhizomes of C. alismatifolia, C. cordata and Globba winitti were dipped in either 
ABG-3062 (2% BA, Abbott Laboratories, North Chicago, Il) or Ethephon 2 (21.7% 
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Ethephon, Monterey Chemical Co., Fresno, Ca) at concentrations of 0, 100, 200, or 300 ppm 
active ingredient for one hour, air dried at 22 ºC, and stored at the University of Hawaii in 
sealable plastic bags for 0, 1, or 2 weeks. Eight rhizomes were randomly assigned to each 
treatment combination. Immediately after storage, rhizomes were shipped to Louisiana State 
University for forcing beginning 11 March 2002. On arrival, individual rhizomes were 
weighed and planted in 15.2-cm pots with a media containing 3 parts peat moss, 2 parts pine 
bark, and 1 part perlite (by volume) amended with 5.1-kg/m3 dolomite, and 2.7-kg/m3 of super 
phosphate. Rhizomes were planted at a depth of 3.8 cm. After planting, pots were placed in 
the greenhouse with temperatures set at 30 ºC day/25 ºC night. A preventive drench of Banrot 
40% WP (Scotts-Sierra, Marysville, Oh) at 62.5 ml/100 L was applied immediately after 
planting. 
Once shoots had emerged, the pots were moved to a production greenhouse with 
temperatures set at 25 ºC day/21 ºC night and spaced at 23 cm x 23 cm center. Individual pots 
were randomly placed in the production greenhouses covered with a 40 % shade. Plants were 
fertilized every watering at 200 ppm N provided by Peter’s Tropical Foliage (24 N-8 P2O5-16 
K2O, Scotts Sierra, Marysville, Oh).  
During the production cycle, data collected included days to emergence from planting 
and days to flowering from planting. Plants were harvested seven weeks after the day of first 
flower. At harvest, data collected included number of inflorescences per pot, number of 
shoots per pot, height of plant, length of inflorescence, leaf area per pot, and final shoot dry 
weight (obtained by harvesting all aerial parts above media level). 
Data were analyzed as a complete randomized 4 X 3 design for each plant growth 
regulator and each species using the SAS® (Cary, Nc) Statistical Package. The GLM 
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procedure was used to determine significant differences between main treatment effects and 
their interactions, and LSMEANS for mean separation. 
5.3 RESULTS 
5.3.1 Globba 
 Days to emergence (DTE) was significantly affected by storage duration following BA 
application and ethephon concentration (Appendix 14 and 15). Days to emergence were 
decreased with increasing weeks of storage following BA application (data not shown). The 
least DTE after 2 weeks of storage (41 days), while no storage and 1 week of storage was the 
greatest DTE (45 days for both). Ethephon application also reduced DTE, but was not 
dependent on the concentration of ethephon. All concentration levels (100 to 300 ppm) 
emerged after 36 days of planting, while no application of ethephon emerged the slowest (41 
days) (data not shown). 
 Days to flower (DTF) were only significantly affected by storage duration following 
ethephon application and the interaction of ethephon concentration with storage duration after 
this application (Appendix 15). The least DTF occurred with 100 ppm ethephon stored for 2 
weeks (100 days), which was significantly different from 300 ppm ethephon stored for 1 
week, and 1 week of storage with no ethephon application (Fig 5.1). The most DTF occurred 
after 1 week of storage with no ethephon application.  
Number of inflorescences was only significantly affected by ethephon concentration 
and the interaction of ethephon concentration with storage duration after this application 
(Appendix 14 and 15). The most inflorescence occurred with ethephon application of 200 
ppm followed by 1 week of storage (4 inflorescences) (data not shown). The least number of 
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inflorescences occurred with and application of 300 ppm ethephon followed by 2 weeks of 
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Figure 5.1 Effect of ethephon concentration (ppm) and rhizome storage duration 
following application on days to flower of Globba (Bars represent standard errors). 
 
Plant height was only significantly affected by BA concentration (Appendix 14 and 
15). The shortest plants occurred with a BA concentration of 100 ppm (39 cm), while the 
tallest plants occurred with 200 and 300 ppm BA (45 and 46 cm, respectively) (data not 
shown). Even though this difference was statistically significant, horticulturally this 
difference may not be meaningful. 
 Inflorescence length was only significantly affected by ethephon concentration and the 
interaction of ethephon concentration with storage duration after this application (Appendix 
14 and 15). The longest inflorescence occurred with an ethephon application of 100 ppm 
stored for 2 weeks (7.6 cm). The shortest measured (4.6 cm) occurred with an application of 
100 ppm ethephon followed by no storage (Fig 5.2). 
Leaf area was only significantly affected by the interaction of ethephon concentration 
with storage duration after this application (Appendix 14 and 15).The greatest leaf area 
occurred with an application of ethephon at 100 ppm followed by 2 weeks of storage (Fig 
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5.3). The smallest leaf area occurred with an ethephon application of 300 ppm followed by 1 
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Figure 5.2 Effect of ethephon concentration (ppm) and rhizome storage duration 
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Figure 5.3 Effect of ethephon concentration (ppm) and rhizome storage duration 
following application on leaf area (square cm) of Globba (Bars represent standard errors). 
 
Shoot dry weight was significantly affected by storage time following BA application, 
ethephon concentration, and the interaction of ethephon concentration with storage duration 
following this application (Appendix 14 and 15). The greatest shoot dry weight occurred after 
1 week of storage after BA application (9.9 g), while no storage or 2 weeks of storage yielded 
similar results of about 7.9 g (data not shown). The interaction of ethephon concentration and 
storage duration following application yielded treatment dependent results. The most biomass 
was produced at a concentration of 100 ppm ethephon followed by 2 weeks of storage (12.8 
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g), which was a significant increase of 6.5 g when compared to 300 ppm ethephon stored for 3 
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Figure 5.4 Effect of ethephon concentration (ppm) and rhizome storage duration 
following application on dry weight (g) of Globba (Bars represent standard errors). 
 
The number of shoots and the number of leaves produced per rhizome were not 
affected by BA, ethephon, or storage duration following application of each plant growth 
regulator (Appendix 14 and 15). 
5.3.2 C. alismatifolia 
 Days to emergence of C. alismatifolia was only significantly affected by storage 
duration following ethephon and BA application (Appendix 16 and 17). The response of days 
to emergence to rhizome storage duration followed the same trend for each PGR (Figure 5.5). 
Following application of each PGR, an increase of storage duration increased days to 
emergence. The impact of storage was whether it was applied or not following each PGR 
application. The increase in DTE with the application of rhizome storage was an average of 8 
days for both BA and ethephon. 
Days to flower were also only significantly affected by storage duration following 
application of either BA or ethephon (Appendix 16 and 17). The trend was the same as that of 
days to emergence. There was as an average increase of 19 days for ethephon and of 20 days 
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or BA in days to flower with application of rhizome storage in comparison to no rhizome 
storage (Fig 5.6). 
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 *Mean separation by LSMEANS (P<0.05) within each line. 
 
Figure 5.5 Effect of rhizome storage duration following BA and ethephon application on 
days to emergence of C. alismatifolia. 
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Figure 5.6 Effect of rhizome storage duration following BA and ethephon application on 
days to flower of C. alismatifolia. 
 
 The number of shoots was significantly affected by rhizome storage duration after 
ethephon application. While number of leaves was affected by BA concentration and rhizome 
storage duration after BA application (Appendix 16 and 17). The number of shoots produced 
for all treatment was 3; while the number of leaves was from 8 to 9 (data not shown). Even 
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though the number of shoots and number of leaves were statistically different, horticulturally 
this difference may not be meaningful. 
 Similar to days to emergence and flower, inflorescence height was only affected by 
rhizome storage duration following BA or ethephon application. The inflorescence height also 
increased with an increase in storage duration (Fig 5.7). The increase with or without storage 
after ethephon application was of 10 cm; while it was 8 cm after BA application. 
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Figure 5.7 Effect of rhizome storage duration following BA and ethephon application on 
inflorescence height of C. alismatifolia. 
 
Leaf area was only significantly affected by BA concentration and rhizome storage 
duration following BA application. As storage duration increased, leaf area increased (data 
not shown). The leaf area difference occurred if the rhizomes were or were not stored. The 
leaf area for plants of unstored rhizomes was 1,179 cm2, which increased by 176 cm2 if 
rhizomes were stored. The greatest leaf area was produced by those plants whose rhizomes 
were dipped in 200 ppm BA (Fig 5.8). All other concentrations were similar and leaf area was 



























 *Mean separation by LSMEANS (P<0.05). 
 
Figure 5.8 Effect of BA concentration (ppm) on leaf area (square cm) of C. alismatifolia. 
 
The number of inflorescences, inflorescence length, and shoot dry weight were not 
affected by BA, ethephon, or storage duration following application of each plant growth 
regulator (Appendix 16 and 17). 
5.3.3 C. cordata 
 Days to emergence and flower were only significantly affected by storage duration 
following BA application (Appendix 18 and 19). The greatest DTE and DTF occurred with no 
storage, which was 8 DTE greater and 14 DTF greater than with storage (Fig 5.9). 
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Figure 5.9 Effect of storage duration following BA application on days to emergence and 
flower of C. cordata. 
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 Inflorescence height was significantly affected by the interaction of BA concentration 
with storage duration after this application (Appendix 18 and 19). The shortest inflorescence 
height occurred with a concentration of 300 ppm BA followed by 2 weeks of storage (26 cm) 
(Fig 5.10), which was a decrease of 11 cm when compared to the tallest which occurred with 
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Figure 5.10 Effect of BA concentration (ppm) and rhizome storage duration following 
application on inflorescence height of C. cordata (Bars represent standard errors). 
 
 Number of inflorescences was significantly affected by rhizome storage duration after 
ethephon application and the interaction of ethephon concentration with rhizome storage 
duration following this application (Appendix 18 and 19). The experiment was terminated on 
14 October 2002 and many of the C. cordata plants had not yet flowered. The results for 
inflorescence number are almost all fractions of one. Therefore, although it was statistically 
significant, horticulturally these results are not necessarily significant. 
 Shoot dry weight was significantly affected by rhizome storage time after BA or 
ethephon application and by the interaction of BA concentration with the duration of storage 
following this application (Appendix 18 and 19). Shoot dry weight decreased with an increase 
in rhizome storage duration following ethephon application (data not shown). The greatest 
shoot dry weight occurred when rhizomes were not stored following ethephon application 
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(17.6 g). This was an increase of 3.5 g compared to shoot dry weight of rhizomes stored for 2 
weeks. The greatest shoot dry weight occurred when rhizomes were treated with 300 ppm BA 
with no storage (20.3 g) (Fig 5.11), an increase of 7.7 g when compared to the shoot dry 
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Figure 5.11 Effect of BA concentration (ppm) and rhizome storage duration following 
application on shoot dry weight of C. cordata (Bars represent standard errors). 
  
The number of shoots, number of leaves, inflorescence length, and leaf area were not 
affected by BA, ethephon, or storage duration following application of each PGR (Appendix 
18 and 19). 
5.4 DISCUSSION 
 The responses of Globba, C. alismatifolia, and C. cordata to BA or ethephon 
treatments and proceeding rhizome storage duration varied. Growth and development of 
Globba was only slightly affected by BA application. BA decreased plant height at a 
concentration of 100 ppm. This was similar to findings of Saniewski and Kawa-Miszczak 
(1992) on tulip, in which bulbs treated with BA at a concentration of 0.05 to 0.25 % produced 
flower stalks that were about a third shorter than untreated bulbs. The ineffectiveness of BA 
on Globba could be explained by cytokinins being most effective when applied near the end 
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of the natural dormant period of tubers such as yams and potatoes, in which early treatments 
produce erratic results (Suttle, 1996). 
 Ethephons impact on growth and development of Globba was most affected by low 
rates of application. These results were similar to those found by Sanewski et al. (1996) for 
edible ginger. An application of 250 ppm ethylene for 15 minutes increased the number of 
shoots and number or roots, which suggested a dormancy-breaking response. The dormancy-
breaking response of Globba occurred when rhizomes were treated with 100 ppm ethephon 
followed by 2 weeks of storage. This treatment combination produced earlier emergence and 
flowering, a longer inflorescence, and the most shoot biomass.  
 C. alismatifolia growth and development was not affected by ethephon. Two hundred 
ppm BA produced the most leaf area, probably because cytokinins are known to induce bud 
break on underground structures (Criley, 2001) which would lead to more biomass. Increased 
days to emergence and flowering with greater rhizome storage duration after PGR application 
in C. alismatifolia contrary to the results of Sanewski et al. (1996), who demonstrated storage 
hastened shoot emergence in ginger. The results in this study might be explained by storage of 
rhizomes after exposure to the PGRs. Thus, PGR application for C. alismatifolia is not 
recommended. 
 Application of ethephon did not affect growth and development of C. cordata. The 
reason for this was possibly because the waxy cuticle of the rhizomes did not permit and 
appropriate absorption of the active compound. Rhizome storage duration following PGR 
application did decrease days to flower and days to emergence, contrary to that of C. 
alismatifolia. These findings are supported by Vlahos (1985), who found that soaking 
rhizomes of Achimenes in BA and storing them for 2 weeks results in a breaking of dormancy 
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by promoting emergence. A concentration of 300 ppm BA decreased plant height and 
increased shoot dry weight. Rhizome storage duration after BA application is dependent on 
the goal of production. If quicker emergence and greater height control are desired, rhizomes 
should be stored for 2 weeks, leading to a lower shoot dry weight. If a greater shoot dry 
weight is desired, this study indicates that the rhizomes should not be stored, but days to 
emergence would be increased. 
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CHAPTER 6. CONCLUSIONS 
 
 Manipulation of storage temperature during rhizome dormancy had a significant 
impact on growth and development of ornamental gingers. Shoot emergence of Globba was 
hastened with the manipulation of rhizome storage temperature and duration. Various rhizome 
storage treatments decreased emergence to a minimum of 14 days after planting. Those 
treatments were storage for 12 or 16 weeks at 25 ºC and storage for 3 weeks at 15 ºC followed 
by 3 weeks at 30 ºC. If rhizomes were not stored or stored for only 2 weeks at 25 ºC, shoots 
emerged in approximately 56 days. Emergence was not hastened with application of plant 
growth regulators (PGRs) BA or ethephon when compared to storage treatments in this study, 
since the least time to emergence was approximately 41 days. This was almost 30 days more 
than the fewest DTE emergence (14 days) after the afore mentioned storage treatments.  
Flowering of Globba was hastened when rhizomes were stored for 3 weeks at 15 ºC 
followed by 3 weeks at 30 or 35 ºC (44 DTF). This was two weeks less than rhizomes that 
were stored for 12 or 16 weeks at 25 ºC, and almost 30 days less than rhizomes treated with 
PGRs to hasten flowering. 
 Prior to storage treatments, the most rapid emergence of C. alismatifolia occurred with 
at least 4 t-roots per rhizome. C. alismatifolia rhizomes stored for 3 weeks at 10 ºC followed 
by 3 weeks at 30 ºC or 35 ºC hastened shoot emergence to 13 days. Storage at 25 ºC 
decreased days to emergence to 24 days. The use of PGRs in this species did not hasten 
emergence when compared to storage treatments. Flowering of C. alismatifolia was also 
hastened with a combination of storage temperature and time. The least DTF occurred when 
rhizomes were stored for 1 week at 15 ºC followed by 3 weeks at 35 ºC (60 DTF). Storage at 
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25 ºC increased DTF to 90 days, which was 30 days more when compared to the previous 
treatment. 
 Emergence of C. cordata was hastened to 32 days with the use of temperature 
combination of 2 weeks at 10 ºC followed by 3 weeks at 35 ºC. The use of PGRs was not 
effective in hastening emergence, with the least DTE of 72 days. The most rapid emergence 
for C. roscoeana occurred when rhizomes were stored for 12 to 16 weeks at 25 ºC (56 DTE) 
and the slowest, when rhizome received no storage treatment (86 DTE). Flowering of C. 
cordata and C. roscoeana was not hastened by rhizome manipulation during dormancy based 
on this study. Alternative treatments must be explored for these two species to decrease 
production time. 
 The most rapid emergence of Kaempferia occurred when rhizomes were stored for 16 
weeks at 25 ºC (8 DTE) and the slowest, when rhizomes were stored for 2 weeks at 25 ºC (58 
DTE). The least DTF occurred when rhizomes were stored at 25 ºC for 12 to 16 weeks (90 
DTF), and the slowest, when rhizomes received no storage treatments (113 DTF). 
 The response of the metabolic processes measured in this study, respiration and 
carbohydrate content, were not consistent with rhizome and plant growth responses observed. 
 In conclusion, manipulation of rhizome storage time and temperature had an impact on 
growth and development of ornamental gingers. The overall trend was a hastening of 
production time with an increase in storage temperature (up to 25 ºC) and duration (up to 12 
to 16 weeks). The use of 2 to 3 weeks of cold storage (10 to 15 ºC) followed by 3 weeks of 




APPENDIX 1. ANALYSIS OF VARIANCE FOR THE VARIABLES STUDIED UNDER DIFFERENT NUMBER OF T-
ROOTS IN C. ALISMATIFOLIA.  
 
 Days to  emergence 





flowers Leaf area Dry weight 
Flower 
height 
P(F) <0.0001 <0.0001 0.1553 <0.0001 <0.0001 0.0003 0.1030 
Degrees of Freedom 6 6 6 6 6 6 6 
Model Mean Square 1320.32 10160.99 1.5 1.47 469989.06 22.60 113.75 
Error Mean Square 97.76 286.67 0.92 0.16 44722.00 4.52 61.27 
R2 0.5626 0.7715 0.1339 0.4681 0.5002 0.3222 0.1544 
CV% 15.11 13.97 34.33 28.46 21.73 15.97 8.97 
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APPENDIX 3. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF RHIZOME 
STORAGE TEMPERATURE AND DURATION ON GLOBBA, 2001. 
 
Source of 
variation Days to emergence Days to flower 
Number of 
flowers Shoot dry weight Sucrose 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 2 356.54 <0.0001 2 197.21 0.0002 2 1.64 0.2274 2 0.7754 0.4927 2 35.17 0.2206 
Temperature 2 1038.81 <0.0001 2 632.88 <0.0001 2 1.01 0.3997 2 1.1558 0.3497 2 88.24 0.0282 
Time*Temperature 4 337.36 <0.0001 4 276.03 <0.0001 4 4.54 0.0040 4 6.2994 0.0004 4 15.70 0.5941 
Model      
P(F) <0.001 <0.0001 0.0112 0.0023 0.1206 
MSEc 21.57 21.38 1.09 1.08 22..28 
R2 0.7032 0.6148 0.2101 0.2483 0.2861 
CV% 15.07 6.67 22.75 25.65 41.43 
 
 
Source of variation Glucose Fructose Starch 
 DFa MSb P(F) DF MS P(F) DF MS P(F) 
Time 2 711.10 0.0205 2 224.13 0.0049 2 7961.19 0.5151 
Storage time 2 6.18 0.9629 2 7.46 0.8142 2 579.59 0.9521 
Time*Temperature 4 11.13 0.9911 4 4.60 0.9714 4 3650.09 0.8695 
Model    
P(F) 0.3598 0.1323 0.9460 
MSEc 163.32 36.07 11779.65 
R2 0.2072 0.2802 0.0695 
CV% 106.10 184.02 21.07 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 4. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF RHIZOME 
STORAGE TEMPERATURE AND DURATION ON C. ALISMATIFOLIA, 2001. 
 
Source of 
variation Days to emergence Days to flower Number of flowers Shoot dry weight Sucrose 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 2 177.88 0.4806 2 194.70 0.2798 2 0.1428 0.3349 2 15.56 0.1115 2 1120.44 0.0003 
Temperature 2 659.48 0.0705 2 278.27 0.1644 2 0.1767 0.2594 2 6.66 0.3852 2 815.77 0.0017 
Time*Temperature 4 199.21 0.5111 4 105.83 0.5909 4 0.4439 0.119 4 21.28 0.0205 4 228.94 0.0910 
Model      
P(F) 0.2633 0.3874 0.0254 0.0254 0.0001 
MSEc 240.55 150.00 0.1288 6.90 103.65 
R2 0.1126 0.1143 0.1902 0.1902 0.6040 
CV% 67.66 15.35 33.97 26.51 33.00 
 
 
Source of variation Glucose Fructose Starch 
 DFa MSb P(F) DF MS P(F) DF MS P(F) 
Time 2 375.47 0.0151 2 148.56 0.0162 2 912.83 0.9568 
Storage time 2 694.10 0.0009 2 288.94 0.0007 2 35950.17 0.1923 
Time*Temperature 4 287.68 0.0144 4 146.97 0.0045 4 28401.03 0.2655 
Model    
P(F) 0.0004 0.0002 0.3632 
MSEc 78.00 31.43 20630.11 
R2 0.5666 0.5912 0.2340 
CV% 58.94 75.03 13.99 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 5. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF RHIZOME 
STORAGE TEMPERATURE AND DURATION ON C. ROSCOEANA, 2001. 
 
Source of 
variation Days to emergence Days to flower 
Number of 
flowers Shoot dry weight Sucrose 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 2 724.03 0.0232 2 243.38 0.3724 2 0.01 0.4357 2 11.92 0.2128 2 398.20 0.1393 
Temperature 2 188.52 0.3612 2 243.38 0.3724 2 0.01 0.4293 2 2.75 0.0703 2 1071.20 0.0079 
Time*Temperature 4 107.64 0.6712 4 243.38 0.4125 4 0.01 0.4859 4 0.12 0.9753 4 367.27 0.1285 
Model      
P(F) 0.1570 0.4426 0.5291 0.3454 0.0145 
MSEc 182.56 243.38 0.01 7.54 190.21 
R2 0.1448 0.09 0.0889 0.1113 0.4129 
CV% 26.65 5.23 910.49 28.88 89.68 
 
 
Source of variation Glucose Fructose Starch 
 DFa MSb P(F) DF MS P(F) DF MS P(F) 
Time 2 47.64 0.7284 2 45.15 0.6677 2 86714.58 0.0405 
Storage time 2 1802.47 0.0001 2 1649.57 <0.0001 2 10490.89 0.6567 
Time*Temperature 4 350.19 0.0743 4 242.01 0.0914 4 22533.10 0.4665 
Model    
P(F) 0.0011 0.0004 0.2135 
MSEc 148.86 110.40 24644.57 
R2 0.5153 0.5483 0.2481 
CV% 50.84 55.10 22.78 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 6. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF RHIZOME 
STORAGE TEMPERATURE AND DURATION ON KAEMPFERIA, 2001. 
 
Source of 
variation Days to emergence Days to flower Shoot dry weight  Sucrose Glucose 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 2 353.72 0.4755 2 229.00 0.4621 2 0.17 0.6507 2 35.94 0.3091 2 36.77 0.3205 
Temperature 2 5085.62 <0.0001 2 588.98 0.1425 2 0.29 0.4804 2 60.60 0.1442 2 5.71 0.8338 
Time*Temperature 4 715.20 0.5553 4 227.19 0.5453 4 0.35 0.4643 4 37.01 0.3078 4 63.12 0.1133 
Model      
P(F) 0.0029 0.3696 0.6512 0.2233 0.2499 
MSEc 235.70 292.99 0.39 29.60 31.28 
R2 0.2484 0.1234 0.07 0.2448 0.2365 
CV% 41.92 17.33 47.11 154.88 103.34 
 
 
Source of variation Fructose Starch 
 DFa MSb P(F) DF MS P(F) 
Time 2 15.43 0.2537 2 57266.40 0.1210 
Storage time 2 7.69 0.4981 2 7193.64 0.7560 
Time*Temperature 4 31.58 0.0349 4 47753.16 0.1373 
Model   
P(F) 0.0771 0.1481 
MSEc 10.82 25513.04 
R2 0.3126 0.2730 
CV% 195.13 16.94 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 7. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
RHIZOME STORAGE TEMPERATURE AND DURATION ON GLOBBA, 2003. 
 
Source of variation Respiration Sucrose Glucose Fructose Total Soluble Sugars 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 206.18 0.1445 7 167.42 0.1168 7 117.94 0.0391 7 89.71 0.0368 7 818.24 0.0063 
Temperature 2 502.15 0.0234 2 11.26 0.8925 2 44.12 0.4424 2 21.66 0.5861 2 60.95 0.8011 
Time*Temp 14 96.93 0.7233 14 106.6 0.3842 14 45.3 0.6218 14 33.11 0.6459 14 301.40 0.3654 
Model      
P(F) 0.1706 0.3101 0.1084 0.1138 0.0419 
MSEc 129.73 98.91 53.74 40.36 274.28 
R2 0.2010 0.1822 0.2177 0.2163 0.2430 




variation Starch % Weight loss Days to emergence Days to flower Number of shoots 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 72173.489 <0.0001 7 969.58 <0.0001 7 1054.67 <0.0001 7 1663.87 <0.0001 7 3.14 0.0248 
Temperature 2 5548.94 0.2728 2 787.09 <0.0001 2 313.72 0.1113 2 589.08 0.0295 2 0.25 0.8261 
Time*Temp 14 4828.60 0.3287 14 118.21 0.0003 14 289.78 0.0201 14 321.01 0.0265 14 0.79 0.8468 
Model      
P(F) <0.0001 <0.0001 <0.0001 <0.0001 0.3505 
MSEc 4226.85 39.48 139.48 160.93 1.29 
R2 0.5419 0.5303 0.5335 0.5842 0.2244 
CV% 50.58 42.77 29.74 13.43 32.74 







APPENDIX 8.  ANALYSIS OF VARIANCE FOR THE VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
RHIZOME STORAGE TEMPERATURE AND DURATION ON C. ALISMATIFOLIA, 2003.  
 
Source of variation Respiration Sucrose Glucose Fructose Total Soluble Sugars 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 65.24 0.1556 7 64.43 0.4680 7 187.73 0.0955 7 87.69 0.2538 7 818.24 0.3112 
Temperature 2 7.53 0.8360 2 42.09 0.5379 2 64.30 0.5436 2 47.68 0.4940 2 60.95 0.3495 
Time*Temperature 14 42.64 0.4424 14 56.97 0.6210 14 138.20 0.2072 14 77.77 0.3169 14 301.40 0.4390 
Model      
P(F) 0.3898 0.1119 0.1018 0.2379 0.4401 
MSEc 41.98 67.53 104.95 67.21 274.28 
R2 0.1748 0.2197 0.2224 0.1949 0.2430 




variation Starch % Weight loss Days to emergence Days to flower Number of shoots 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 1253120.41 <0.0001 7 2075.39 <0.0001 7 2067.70 <0.0001 7 1677.97 <0.0001 7 0.50 0.3373 
Temperature 2 13071.30 0.8422 2 1657.80 <0.0001 2 2163.88 <0.0001 2 2496.86 0.0001 2 0.13 0.7368 
Time*Temp 14 36126.92 0.9424 14 95.33 0.0016 14 85.74 0.4577 14 334.51 0.2250 14 0.56 0.2276 
Model      
P(F) <0.0001 <0.0001 <0.0001 <0.0001 0.3460 
MSEc 76009.85 36.94 85.70 259.52 0.44 
R2 0.5075 0.6807 0.6806 0.4423 0.1879 
CV% 38.41 40.32 26.68 16.04 41.47 









APPENDIX 8 CONTINUED 
 
Source of variation Number of leaves Number of flowers Leaf area Dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 11.65 0.0224 7 0.03 0.5949 7 52268.77 0.0794 7 436.30 0.4940 
Temperature 2 0.19 0.9609 2 0.14 0.0592 2 16909.98 0.5464 2 413.71 0.4208 
Time*Temp 14 5.69 0.2884 14 0.06 0.1557 14 42178.40 0.1163 14 452.11 0.5054 
Model     
P(F) 0.1155 0.1304 0.0805 0.5424 
MSEc 4.76 0.0397 27833.88 474.34 
R2 0.2279 0.2241 0.2387 0.1660 
CV% 46.35 19.37 27.76 242.19 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 9. ANALYSIS OF VARIANCE FOR THE VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
RHIZOME STORAGE TEMPERATURE AND DURATION ON C. ROSCOEANA, 2003. 
 
Source of 
variation Respiration Sucrose Glucose Fructose 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 74.36 0.4618 7 1475.29 0.0390 7 615.60 0.0002 7 470.37 0.0002 
Temperature 2 123.32 0.2068 2 75.10 0.8943 2 124.30 0.4027 2 71.30 0.5059 
Time*Temperature 14 53.17 0.7824 14 674.96 0.4531 14 233.67 0.0591 14 188.90 0.0533 
Model     
P(F) 0.6215 0.1709 0.0006 0.0005 
MSEc 77.27 671.81 135.65 104.05 
R2 0.1452 0.2037 0.3274 0.3287 
CV% 72.21 63.38 64.25 66.91 
 
 
Source of variation Total Soluble Sugars Starch % Weight loss Days to emergence 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 2479.35 0.0378 7 674448.51 <0.0001 7 1553.20 <0.0001 7 1810.31 <0.0001 
Temperature 2 797.60 0.4933 2 144955.37 0.0384 2 1648.80 <0.0001 2 1545.76 0.0045 
Time*Temperature 14 833.69 0.7276 14 31869.68 0.7345 14 70.98 0.0021 14 347.55 0.2281 
Model     
P(F) 0.3280 <0.0001 <0.0001 <0.0001 
MSEc 1122.17 43296.45 28.17 269.19 
R2 0.1799 0.5133 0.6857 0.4639 
CV% 45.10 36.34 38.14 23.52 








APPENDIX 9 CONTINUED 
 
Source of variation Days to flower Number of shoots Number of flowers Number of leaves 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 9314.76 0.1810 7 4.26 <0.0001 7 0.11 0.1619 7 104.78 <0.0001 
Temperature 2 1716.58 0.7607 2 0.93 0.2485 2 0.02 0.7564 2 11.08 0.2145 
Time*Temperature 14 2280.64 0.9815 14 1.43 0.0152 14 0.02 0.9921 14 16.34 0.0960 
Model     
P(F) 0.1792 <0.0001 0.1670 <0.0001 
MSEc 6258.77 0.66 0.07 7.07 
R2 0.2528 0.4977 0.2739 0.6561 
CV% 16.59 34.24 324.72 27.46 
 
 
Source of variation Leaf area Dry weight 
 DFa MSb P(F) DF MS P(F) 
Time 7 3172747.59 <0.0001 7 117.86 <0.0001 
Temperature 2 234474.68 0.5772 2 28.29 0.2194 
Time*Temperature 14 752592.41 0.0560 14 25.82 0.1668 
Model   
P(F) <0.0001 <0.0001 
MSEc 423909.20 18.32 
R2 0.5228 0.4856 
CV% 38.28 40.02 
aDegrees of freedom; bMean square; cError mean square. 
 
 90 
APPENDIX 10. ANALYSIS OF VARIANCE FOR THE VARIABLE STUDIED TO DETERMINE THE EFFECT OF 
RHIZOME STORAGE TEMPERATURE AND DURATION ON KAEMPFERIA, 2003. 
 
Source of variation Respiration Sucrose Glucose Fructose Total soluble sugars 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 25.18 0.1780 7 2.58 0.5926 7 5.78 0.8448 7 7.72 0.5935 7 23.95 0.7918 
Temperature 2 15.61 0.4006 2 0.55 0.8454 2 91.79 0.0007 2 70.39 0.0011 2 337.00 0.0006 
Time*Temperature 14 21.15 0.2494 14 4.76 0.1344 14 11.01 0.5373 14 4.81 0.9323 14 31.46 0.7431 
Model      
P(F) 0.2193 0.3414 0.1113 0.2098 0.1431 
MSEc 16.93 3.25 11.94 9.72 43.23 
R2 0.1952 0.1782 0.2169 0.1968 0.2093 
CV% 106.38 127.92 33.00 34.50 31.43 
 
 
Source of variation Starch % Weight loss Days to emergence Days to flower 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Time 7 315665.84 <0.0001 7 586.56 <0.0001 7 2124.63 <0.0001 7 2417.46 <0.0001 
Temperature 2 8085.25 0.8512 2 264.46 0.0278 2 1442.67 <0.0001 2 1468.03 0.0029 
Time*Temperature 14 52965.36 0.4030 14 38.26 0.9174 14 223.30 0.0018 14 225.88 0.5156 
Model     
P(F) 0.0006 <0.0001 <0.0001 <0.0001 
MSEc 50104.59 72.82 82.88 239.54 
R2 0.3284 0.2475 0.6867 0.4546 
CV% 42.35 77.94 22.32 15.92 




APPENDIX 11. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO 
DETERMINE THE EFFECT OF RHIZOME COLD STORAGE FOLLOWED BY 
HOT STORAGE ON GLOBBA. 
 
Source of variation Days to emergence Days to flower 
 DFa MSb P(F) DF MS P(F) 
Cold temperature 2 147.80 0.0017 2 500.89 0.1030 
Cold time 4 609.83 <0.0001 4 2607.40 <0.0001 
Hot temperature 4 1017.83 <0.0001 4 1889.58 <0.0001 
Hot time 4 2948.96 <0.0001 4 6369.73 <0.0001 
Cold time*cold temp 4 21.48 0.4397 4 792.45 0.0065 
Cold temp*hot temp 2 62.00 0.0672 2 601.38 0.0655 
Cold time*hot temp 4 49.56 0.0712 4 260.82 0.3145 
Cold temp*hot time 2 2.08 0.9129 2 7.80 0.9650 
Cold time*hot time 4 80.62 0.0075 4 415.50 0.1103 
Hot temp*hot time 8 138.98 <0.0001 8 455.49 0.0368 
Cold All*Hot All 34 52.25 <0.0001 34 215.19 0.5316 
Model   
P(F) <0.0001 <0.0001 
MSEc 22.82 219.11 
R2 0.7442 0.5092 
CV% 16.09 16.16 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 12. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO 
DETERMINE THE EFFECT OF RHIZOME COLD STORAGE FOLLOWED BY 
HOT STORAGE ON C. ALISMATIFOLIA. 
 
Source of variation Days to emergence Days to flower 
 DFa MSb P(F) DF MS P(F) 
Cold temperature 2 174.58 0.0700 2 1.20 0.9961 
Cold time 4 92.83 0.2256 4 1893.79 <0.0001 
Hot temperature 4 121.85 0.1152 4 776.24 0.0399 
Hot time 4 1774.90 <0.0001 4 1425.01 0.0011 
Cold time*cold temp 4 32.29 0.7398 4 302.54 0.4147 
Cold temp*hot temp 2 140.42 0.1175 2 742.16 0.0901 
Cold time*hot temp 4 185.42 0.0239 4 4250.57 <0.0001 
Cold temp*hot time 2 16.30 0.7791 2 23.27 0.9270 
Cold time*hot time 4 549.68 <0.0001 4 1166.63 0.0047 
Hot temp*hot time 8 80.70 0.2758 8 1203.76 0.0002 
Cold All*Hot All 40 138.47 <0.0001 40 1065.42 <0.0001 
Model   
P(F) <0.0001 <0.0001 
MSEc 65.29 306.82 
R2 0.3492 0.2675 
CV% 29.98 21.13 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 13. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO 
DETERMINE THE EFFECT OF RHIZOME COLD STORAGE FOLLOWED BY 
HOT STORAGE ON C. CORDATA. 
 
Source of variation Days to emergence Days to flower 
 DFa MSb P(F) DF MS P(F) 
Cold temperature 2 810.04 0.0029 2 373.97 0.9006 
Cold time 4 1663.63 <0.0001 4 6074.38 0.1485 
Hot temperature 4 3017.94 <0.0001 4 6816.96 0.1077 
Hot time 4 3786.11 <0.0001 4 5191.41 0.2036 
Cold time*cold temp 4 134.45 0.4161 4 2986.35 0.5024 
Cold temp*hot temp 2 110.84 0.4451 2 1323.03 0.6905 
Cold time*hot temp 4 173.20 0.2820 4 2842.87 0.5280 
Cold temp*hot time 2 124.83 0.4019 2 2602.72 0.4829 
Cold time*hot time 4 399.99 0.0207 4 2316.80 0.6279 
Hot temp*hot time 8 390.22 0.0042 8 5126.12 0.1790 
Cold All*Hot All 37 199.68 0.0370 37 2057.89 0.9832 
Model   
P(F) <0.0001 0.0458 
MSEc 136.69 3570.04 
R2 0.5189 0.1123 
CV% 19.26 22.48 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 14. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
BENZYLADENINE CONCENTRATION AND RHIZOME STORAGE DURATION ON GLOBBA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 60.16 0.2026 3 472.18 0.2571 3 11.40 0.3557 3 143.44 0.4686 3 2.78 0.2308 
Storage time 2 171.77 0.0146 2 261.68 0.4699 2 0.67 0.9371 2 109.98 0.5223 2 1.74 0.4045 
Concentration*Time 6 73.05 0.0907 6 505.88 0.1998 6 14.97 0.2105 6 231.61 0.2352 6 2.53 0.2536 
Model      
P(F) 0.0207 0.2256 0.3795 0.2446 0.2334 
MSEc 38.10 342.57 10.37 167.65 1.89 
R2 0.2708 0.1820 0.1523 0.1780 0.1851 
CV% 14.34 15.87 34.71 21.04 49.32 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 161.61 0.0171 3 2.93 0.2871 3 586102.41 0.6386 3 2.71 0.8143 
Storage time 2 20.51 0.6290 2 2.05 0.4111 2 607421.82 0.5584 2 33.87 0.0242 
Concentration*Time 6 21.28 0.8170 6 2.64 0.3387 6 1030386.38 0.4348 6 3.02 0.9072 
Model     
P(F) 0.2821 0.2834 0.6058 0.4438 
MSEc 43.89 2.27 1033410.40 8.61 
R2 0.1933 0.1959 0.1222 0.1427 
CV% 15.40 24.88 43.82 34.31 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 15. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
ETHEPHON CONCENTRATION AND RHIZOME STORAGE DURATION ON GLOBBA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon 
concentration 3 122.36 0.0287 3 589.66 0.0965 3 4.12 0.6140 3 80.39 0.6455 3 5.26 0.0394 
Storage time 2 41.68 0.3431 2 872.02 0.0450 2 4.97 0.4859 2 86.14 0.5536 2 0.39 0.8065 
Concentration*Time 6 23.12 0.7278 6 830.85 0.0098 6 10.94 0.1577 6 151.75 0.4006 6 6.18 0.0048 
Model      
P(F) 0.1887 0.0149 0.3002 0.5773 0.0069 
MSEc 38.40 268.20 6.82 144.45 1.79 
R2 0.1748 0.2844 0.1535 0.1197 0.2904 
CV% 16.55 14.90 28.86 20.00 46.72 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon concentration 3 29.41 0.3666 3 5.13 0.0359 3 1923815.63 0.0812 3 32.13 0.0196 
Storage time 2 42.99 0.2160 2 1.73 0.3664 2 923978.52 0.3319 2 2.87 0.7325 
Concentration*Time 6 60.04 0.0551 6 6.37 0.0029 6 2388895.69 0.0138 6 22.15 0.0349 
Model     
P(F) 0.0797 0.0017 0.0141 0.0162 
MSEc 27.39 1.70 825080.10 9.17 
R2 0.2324 0.3544 0.2640 0.2627 
CV% 11.96 21.39 41.44 34.91 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 16. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
BENZYLADENINE CONCENTRATION AND RHIZOME STORAGE DURATION ON C. ALISMATIFOLIA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 172.58 0.2850 3 717.39 0.1005 3 0.30 0.6785 3 13.20 0.0446 3 0.69 0.1036 
Storage time 2 689.54 0.0079 2 3943.20 <0.0001 2 1.73 0.0570 2 26.97 0.0046 2 0.87 0.0748 
Concentration*Time 6 27.70 0.9739 6 74.90 0.9679 6 0.53 0.4959 6 1.18 0.9577 6 0.24 0.6274 
Model      
P(F) 0.1779 0.0027 0.3368 0.0405 0.1545 
MSEc 134.31 334.17 0.58 4.70 0.32 
R2 0.1587 0.2786 0.1319 0.2080 0.1640 
CV% 28.24 18.68 27.38 25.25 29.87 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 86.97 0.3055 3 3.54 0.2926 3 404775.08 0.0059 3 21.33 0.0706 
Storage time 2 746.14 <0.0001 2 1.69 0.5509 2 360713.68 0.0223 2 25.17 0.0620 
Concentration*Time 6 122.57 0.1247 6 3.34 0.3196 6 87868.63 0.4510 6 8.72 0.4283 
Model     
P(F) 0.0011 0.3737 0.0085 0.0511 
MSEc 70.95 2.81 90616.97 8.64 
R2 0.2985 0.1270 0.2506 0.2593 
CV% 9.12 10.47 23.23 17.06 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 17. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
ETHEPHON CONCENTRATION AND RHIZOME STORAGE DURATION ON C. ALISMATIFOLIA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon 
concentration 3 12.87 0.9812 3 283.73 0.5200 3 0.39 0.5814 3 0.39 0.9771 3 0.64 0.1638 
Storage time 2 782.85 0.0324 2 3751.52 0.0001 2 2.10 0.0336 2 20.28 0.0353 2 0.55 0.2258 
Concentration*Time 6 282.48 0.2706 6 268.11 0.6363 6 0.34 0.7503 6 13.11 0.0462 6 0.18 0.7998 
Model      
P(F) 0.2029 0.0111 0.3408 0.0536 0.4240 
MSEc 218.87 373.52 0.60 5.82 0.36 
R2 0.1536 0.2489 0.1314 0.1995 0.1206 
CV% 34.87 18.96 27.88 26.69 33.92 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon concentration 3 94.11 0.3452 3 1.08 0.6038 3 19593.90 0.9359 3 5.56 0.8112 
Storage time 2 991.25 <0.0001 2 1.05 0.5496 2 320303.92 0.1082 2 9.08 0.5957 
Concentration*Time 6 62.80 0.6122 6 1.75 0.4272 6 236279.69 0.1349 6 24.22 0.2309 
Model     
P(F) 0.0027 0.6258 0.2053 0.5367 
MSEc 83.88 1.74 140232.20 17.41 
R2 0.2843 0.0996 0.1531 0.1299 
CV% 9.90 8.13 28.51 24.26 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 18. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
BENZYLADENINE CONCENTRATION AND RHIZOME STORAGE DURATION ON C. CORDATA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 43.57 0.7150 3 237.33 0.4999 3 0.12 0.8057 3 3.48 0.5912 3 0.22 0.5576 
Storage time 2 672.60 0.0018 2 1122.31 0.0315 2 0.02 0.9488 2 0.22 0.9594 2 0.77 0.0972 
Concentration*Time 6 183.78 0.0920 6 269.40 0.4970 6 0.45 0.3302 6 4.84 0.5063 6 0.34 0.4004 
Model      
P(F) 0.0107 0.1251 0.6870 0.7532 0.3094 
MSEc 95.85 295.33 0.38 5.42 0.32 
R2 0.3092 0.3290 0.1126 0.1030 0.1680 
CV% 12.84 9.26 32.80 22.25 83.57 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
BA concentration 3 23.91 0.3253 3 8.14 0.3870 3 242399.17 0.6819 3 6.76 0.5325 
Storage time 2 7.63 0.6857 2 7.20 0.4079 2 681176.95 0.2510 2 35.32 0.0261 
Concentration*Time 6 63.97 0.0125 6 16.05 0.0837 6 950800.73 0.0826 6 50.60 0.0001 
Model     
P(F) 0.0387 0.1826 0.1501 0.0002 
MSEc 20.02 7.84 482404.49 9.14 
R2 0.3923 0.3048 0.2033 0.4017 
CV% 13.46 18.91 24.29 18.83 
aDegrees of freedom; bMean square; cError mean square. 
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APPENDIX 19. ANALYSIS OF VARIANCE FOR VARIABLES STUDIED TO DETERMINE THE EFFECT OF 
ETHEPHON CONCENTRATION AND RHIZOME STORAGE DURATION ON C. CORDATA. 
 
Source of variation Days to emergence Days to flower Number of shoots Number of leaves Number of flowers 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon 
concentration 3 141.75 0.3270 3 126.83 0.7514 3 0.48 0.4199 3 12.73 0.1513 3 0.20 0.3752 
Storage time 2 66.87 0.5776 2 2.36 0.9925 2 0.39 0.4687 2 6.30 0.4099 2 0.88 0.0132 
Concentration*Time 6 91.92 0.6030 6 242.06 0.5985 6 0.45 0.5081 6 10.32 0.1992 6 0.64 0.0062 
Model      
P(F) 0.5827 0.8954 0.6305 0.2265 0.0022 
MSEc 120.72 314.44 0.50 6.96 0.19 
R2 0.1343 0.1279 0.1256 0.1917 0.3555 
CV% 14.58 9.70 36.51 25.01 64.40 
 
 
Source of variation Flower height Flower length Leaf area Shoot dry weight 
 DFa MSb P(F) DF MS P(F) DF MS P(F) DF MS P(F) 
Ethephon concentration 3 32.31 0.6439 3 11.48 0.3586 3 528580.15 0.4154 3 7.14 0.6393 
Storage time 2 15.77 0.7619 2 0.36 0.9658 2 374305.80 0.5089 2 75.85 0.0041 
Concentration*Time 6 12.53 0.9687 6 1.05 0.9958 6 176719.63 0.9228 6 3.59 0.4190 
Model     
P(F) 0.9882 0.9563 0.8274 0.1637 
MSEc 57.56 10.37 548075.22 12.60 
R2 0.0740 0.1012 0.0966 0.2075 
CV% 21.89 21.80 25.88 22.14 
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